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Contributions to the Study of Variations in the 
Japanese Plants closely related to those of 
Europe or North America. Part 2 


By 


Hiroshi HARA 


"With 5 Figures in the Text 


This paper is a continuation of my previous one including Archichlamydeae 
which was published in this Journal Vol. 6, Part 2, pp. 29-96 (1952), and in this 
part 100 species of Metachlamydeae (Gamopetalae) excepting Compositae are 
mentioned. 

In the summer of 1954 I had an opportunity to observe by myself the vege- 
tation in Sweden, France, Holland, British Isles, and U. S. A., and brought back 
some living plants and seeds to Japan for this study. The result of cultivation 
of those species will be reported later. But it is now evident that the response 
to the change of climatic conditions is not uniform in different plant groups. 
For example the typical Sanguisorba officinalis of Europe blooms from May 
to June when cultivated in Tokyo, while its vicarious race commonly growing 
in Japan never begins to flower before middle July and continues flowering 
until September. Xanthium Strumarium of Europe sown in Tokyo in autumn 
or in spring blooms in spring when the plant is still small, and dies out soon. 
Lysimachia vulgaris and Ranunculus sceleratus from Europe failed to flower 
in Tokyo. On the other hand, the typical Prunella vulgaris, Ranunculus acris, 
Lythrum Salicaria, etc. freely flower nearly at the same time as their corres- 
ponding Japanese races. And Mentha arvensis, Glechoma hederacea, Humulus 
Lupulus, and Valeriana officinalis of Europe contain different chemical consti- 
tuents from their corresponding races of East Asia. 

Thus in these plants, European races have different physiological charac- 
ters from their corresponding races in Japan. Generally speaking the races 
now growing wild in Japan are most adapted to the ecological conditions now 
prevailing in Japan, compared with other races found in Europe or North 
America. The fact is quite natural, for such races are the ones which sur- 
vived through the past history of the region, or spread to the region. Chelido- 
nium majus subsp. asiaticum which is a structural hybrid grows vigorously 
in East Asia, whereas the typical Chel. majus (normal diploid) perishes soon 
in Japan unless protected with a special care, 
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In the study of variation and evolution of plants, these races which are 
different in physiological and cytogenetical characters would also be taken 
into consideration as well as those differentiated morphologically. Biologically 
all these characters are equally important in the course of evolution, and some 
of them may evolute into gradual or abrupt ecospecies. However, as I 
mentioned at the beginning of Part 1, it seems to me too early to introduce all 
these characters directly to the present classification and nomenclature to 
avoid undesirable confusion. Before doing so, I should like to follow the 
procedure of orthodox taxonomy. And at the same time I wish to collect 
more data, including their various physiological and cytological characters in 
different plant groups. In this paper I distinguished taxonomic units mainly 
based on morphological differences regarding also other cytogenetical and 
physiological differences as one (but not decisive alone) of differentiating 
characters. I distinguish species, subspecies, and variety according mostly to 
a difference of degree in morphological characters, and the way of isolation, 
either geographical, cytogenetical or physiological, is considered too. As 
regard the phylogenetical relationship between allied races, cytogenetical 
characters often give an important clue. 

In the course of the study, the more data accumulate, the more it becomes 
clear that the pattern of variations in widespread species is very complicated 
and is different in different plant groups. Here I give some examples which 
seem to be extreme. Most of plants comes rather intermediate between the 
following extremes. 

Adoxa-type. The plant of this type is almost uniform in outer morpho- 
logical characters in its wide geographical area, but includes some different 
cytotypes in a polyploid series. 

This type is represented by Adoxa Moschatellina (cf. p. 385). Adoxa is 
monotypic, and no geographical race has hitherto been described. Now all 
European plants were proved to be tetraploid, while the Japanese plants are 
pentaploid or hexaploid. In this case I do not treat the Japanese plants 
which are morphologically almost indistinguishable from the European as a 
separate species, even though the former may be cytogenetically isolated from 
the latter. 


Also aneuploidy is observed in some plant groups. In many cases the 
populations with slightly different chromosome numbers do not always ac- 
company morphological differentiation and geographical isolation. And they 
are usually not treated as separate taxa, even by cytotaxonomist, but in a few 
cases they may develop into abrupt ecospecies. Especially aneuploidy plays 
an important róle in plants which propagate by apogamy. 

Chelidonium-type. In this type, corresponding races differ in some 
morphological characters, and also in chromosome number, but they are not 
in a polyploid series. 
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Chelidonium majus ranging from Europe to Dahuria is diploid (2n=12), 
while subsp. asiaticum of East Asia is a structural hybrid with chromosomes 
2n=10 (cf. Hara in Journ. Jap. Bot. 23: 43, 1949). 

Penthorum chinense (2n=16) of East Asia and P. sedoides (2n=18) of N. 
America are another good examples. 

Oxycoccus-type. In different regions of the total area, corresponding races 
which show polyploidy, and differ also in morphological characters are recogni- 
zable. 

Such examples of this type as Oxycoccus quadripetalus versus O. micro- 
carpus, or Vaccinium uliginosum versus V. microphyllum (cf. p. 352 & 354) have 
long been known. And very many examples were added in recent years. 

This type of variations belongs to substitution species in Lóve's sense. 
However, the differences in morphological characters among corresponding 
races of one plant group are widely different in degree from those of the other 
plant group. It seems to be improper to regard all corresponding races of this 
type as separate species notwithstanding the magnitude of their morphological 
differentiations. 

In case that the East Asiatic races are somewhat distinctly separated 
morphologically from the European ones, they are generally treated as varieties 
or recently subspecies of the latter. And when they have also different 
chromosome numbers from their corresponding European races, they are often 
considered as separate species, especially by cytotaxonomists. Such examples 
are Swertia perennis, Potentilla fruticosa, Rosa acicularis, Lotus corniculata, 
Vicia Cracca, Plantago major, etc. In these cases the European races are 
treated typical in nomenclature, but it is noteworthy that the East Asiatic 
races are often diploid and are possibly progenitors phylogenetically. 

When morphological differences are slight, this type approaches to Adoxa- 
type, and the geographical races with different chromosome numbers are often 
not recognized even as a variety in monographic works based on outer morpho- 
logical characters. 

For example, Lythrum  Salicaria has generally been considered as a 
widespread species ranging from Europe to East Asia (cf. Part 1, p. 86 and 
Part 2, p. 389), and the East Asiatic plants have been referred to European 
L. Salicaria, although they are variable in the hairiness and the shape of leaves 
in both districts. Now it became clear that the Japanese plant belongs to a 
different choromosome race from the European. Lathyrus palustris is also an 
interesting example (cf. Part 1, p. 80 and Part 2, p. 388). 

Thymus-type. In different regions of the wide area, various races which 
are separable morphologically and cytogenetically or physiologically are dif- 
ferentiating. 

Thymus Serpyllum is a good example of this type. It is exceedingly vari- 
able in morphological characters and also includes several chromosome races. 
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Its odour which depends on chemical constituents, is also different in some races. 
The plant of this type has been called very polymorphous, and its classification 
widely differs in opinion by each taxonomists. Splitters divide it into numerous 
small species, while others recognize only one or two variable species which, 
however, include many intraspecific taxa. 

To this type belong Ranunculus aquatilis, R. acris, Chenopodium album, 
Mentha arvensis, Valeriana officinalis, etc. 

In this type of variations, both gradual ecospecies and abrupt ecospecies 
in Valentine's sense are developing. Two races which differ in chromosome 
number are not always distinct in morphological characters, while those two 
which are separable fairly well in morphological characters and are widely 
separated geographically have often the similar chromosome constitution. It 
seems to me almost impossible to denote by the present nomenclature their 
exact phylogenetical relationship in this complicated pattern of evolutionary 
processes. In some case, the plant is variable in one region, but is much less 
variable in other regions. 

Linnaea-type. Some corresponding races which are separable morphologi- 
cally are recognized in different regions, but they all have the same chromosome 
number. 

Linnaea borealis of Eurasia, although variable in minor characters, belongs 
to a single race, but two other races which differ morphologically from the 
Eurasian are recognized in North America (cf. p. 381). 

The variations of this kind are common in many widespread plants, but 
morphological differentiations differ in degree in different plant groups. Such 
variations as in Prunella vulgaris, Vaccinium Vitis-idaea, Diapensia lapponica, 
Dianthus superbus, etc. are often treated intraspecific. 

But in others the morphological differentiations are more prominent, and 
they are treated as gradual ecospecies or vicarious species. 

Even in this type, it is possible that corresponding races may have different 
karyotypes or cytogenetical characters, although they are the same in the 
number of chromosomes. 

I should like to express my cordial thanks to Dr. Nobunori Tanaka, Miss 


Sachiko Kurosawa, and Mrs. Nobuko Okamoto for their kind helps in cytologi- 
cal works. 


Chimaphila umbeliata (L.) Barton——C. umbellata - -------- C. umbellata 

Europe (2n— 26), Siberia (east to  Yenisei)) var. occidentalis (Rydb.) Blake 

(south to Alps) (Ochotsk, Saghal., Yezo, n. (s. Alaska, south to Calif. & 
Honshu (south to prov. Hi- New Mexico; n. Michigan 
tachi)] var. cisatlantica Blake 


Minn. to Nova Scotia, south 
to Ill. & Georgia (2n —26) 
var. acuta (Rydb.) Blake 
New Mexico, Arizona 

var. mexicana DC. 

Mexico 
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(Lit. Blake in Rhodora 19: 237 (1917); Camp in Bull. Torrey Bot. Cl. 67: 453 (1940); Hultén, 
Fl. Alaska 8: 1203 (1948); Hara, Enum. Sperm. Jap. 1: 1 (1949). 


Moneses uniflora(L.) A. Gray —— ——- M. uniflora ——— ————— M. uniflora 
(Pyrola uniflora L.) Caucasus, Siberia (east to Alaska to Labrador, south to 
Europe (2n—22, 26, 32), Chukch, | Kamt, Ussuri), Oregon, New Mexico, 


(south to Pyrenees & Italy) Michig., W. Virgin. & Penn. 
var. reticulata (Nutt.) Blake 


s. Alaska to Calif. 


Tyanshan, n. Mongol, n. 
China, Manch., Korea, Sag- 
hal, n. Kuril., Yezo (rare)] 
(Formosa (alp.) 


It is noteworthy that this circumboreal plant occurs very isolated in the 
alpine region of Formosa in a form which can hardly be separated from the 
European one by outer morphological characters. 


(Lit.) Blake in Rhodora 17: 28 (1915); Hultén, Fl. Alaska 8: 1203 (1948); Hara, Enum. Sperm. 
Jap. 1: 1 (1949). 


Orthilia secunda(L.) House ———— — — O. secunda 


O. secunda —— = 
Alaska to Labrador, south to 


(Pyrola secunda L., Ramis- n. Asia Minor, Caucasus, 
chia secunda Garcke) Siberia (east to Anadyr, Calif., New Mexico, Ill. & 
Europe (2n—38) (south. to Kamt., Ussuri), Tyanshan, Virginia; Greenland 
Pyrenees & Sicily) Mongol., Manch., Korea, 

Saghal., Kuril., Yezo, Hon- 

shu (mts.) 


var. obtusata (Turcz.) House——— -var. obtusata 


Siberia (Ural to Kolyma, Alaska to Labrador, south to 
Dahuria), w. China, Manch. Cali, Minn. &  Mass.; 
Greenland 
var. elatior (Lange) 
Mexico 


(Lit.) Andres in Deuts. Bot. Monats. 22 (1): 4 (1910), in Fedde, Rep. 19: 209 (1923); Hara in 
Journ. Jap. Bot. 20: 327 (1944), Enum. Sperm. Jap. 1: 3 (1949); Hultén, Fl. Alaska 8: 1213 
(1948); Porsild in Nat. Mus. Canada Bull. 121: 261 (1951); Busch in Fl. URSS. 18: 16 (1952). 


Pyrola asarifolia 
var. purpurea (Bunge) Fern. 


Pyrola asarifolia Michx. 
Yukon to Newfld., south to 
New Mexico, n. Indiana, New 
York, & n. New England 


(P. incarnata Fisch., P. rotundifolia 
subsp. ¿incarnata Kryl.) 
Siberia (Ural, east to Chukch, Kamt., 
Ussuri), w. China, Mongol., Manch., 
Korea, Saghal.?, Kuril., Yezo, Hon- 
shu (mts. ) 

Pyrola rotundifolia L...———_—P. rotundifolia 

Europe (2n=46), Asia Minor, Caucasus, Siberia (east to 
Chukch), n. India, n. Mongol., China, 
Manch., n. Korea (incl. several sub- 
species) 


var. purpurea 

(P. uliginosa 'Yorr. et Gray) 
e. Aleut., Alaska, to Labra- 
dor, south to Calif., New 
Mexico, Minn. & Mass. 


P. rotundifolia 
Ontario to Labrador, south 
to Minn., n. Indiana & N. 
Carolina; Greenland 
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Although the Japanese plant is considerably variable, it tends to have 
elliptic or oval leaves and longer calyx-lobes, compared with the North American 
one. When dried, its leaves with the loose epidermis beneath turn dark brown, 
and they are never reniform as in P. asarifolia. The type of P. uliginosa has 
short deltoid calyx-lobes, but some specimens from Aleutians and Newfoundland 
have longer calyx-lobes as the Japanese ones. The typical P. incarnata from 
Siberia has lanceolate calyx-lobes which are often more acutely pointed than 
those of the Japanese plant. Although the East Asiatic populations seem to 
be not quite the same as American P. uliginosa, it is difficult to draw a distinct 
line of demarcation between them. P. rotundifolia L. does not occur in Japan. 


(Lit.) Fernald in Rhodora 6 : 178 (1904), 51: 103 (1949); H. Andres in Ber. Deuts. Bot. Ges. 30: 
561 (1912), in Oster. Bot. Zeits. 64:238 (1914); Hultén, Fl. Kamt. 4:5 (1930), Fl. Alaska 8: 
1206 (1948); Hara, Enum. Sperm. Jap. 1: 4 (1949). 


Pyrola minor I... VEDI UIC Te 

Europe (2n=46), Caucasus, e. C. Asia, Siberia (east to Aleut., Alaska to Labrador, 

(south to n. Spain Ochotsk, Kamt., Ussuri?) n. Mongol., south to Calif., New Mexico, 

& c. Italy) n. Korea?, n. Kuril. Minn. & n. New England; 
P. Faurieana H. Andres Greenland 


Saghal.,s. Kuril., Yezo, n. Honshu (alp.) 


Circumboreal P. minor occurs in the Japanese Archipelago only in northern 
Kuriles in its typical form. In southern Kuriles, Saghalien and also in alpine 
regions of Hokkaido and north Honshu, there occurs an allied species, P. Fauri- 
eana, which has longer straight but slightly declinate styles 2.5-4 mm long, 
longer anthers 2mm long, elliptic acute calyx-lobes more than 2 mm long, and 
stigmas of a different shape. 


(Lit.) Andres in Verh. Bot. Ver. Prov. Brand. 54: 219 (1913) ; Hara in Journ. Jap. Bot. 14 : 427 
(1938), Enum. Sperm. Jap. 1: 4 & 5 (1949). 


Monotropa Hypopithys L. M. Hypopithys ------------ M. Hypopithys 
(Hypopitys Monotropa Crantz; subsp. multiflora Fritsch.) subsp. lanuginosa (Michx.) 
Europe (2n—48), Caucasus, Siberia Hara!) 
M. hypophegea Wallr. var. japonica Fr. et Sav. (M. lanuginosa Michx., ? M. 
(M. Hypopithys var. glabra Himalaya, China, Amur, latisquama (Ryd.) Hult.) 
auct. ) Korear, Saghalie, s- Kuni? s. Alaska, Brit. Columbia to 
Europe (2n—16), Irkutsk?, Yezo, south to  Kyushu, Newfld., south to Mexico & 
Ussuri?, China? Formosa Florida (2n—32) 


var. glaberrima Hara 
Manch., c. Honshu (rare) 


The Japanese plants are somewhat variable in the degree of hairiness and 
the shape of scale-leaves. They are light tawny yellow, and pubescent except 
for the lower part of stems and scale-leaves; their flowers are 10-15 mm long; 


1) Monotropa Hypopithys L. subsp. lanuginosa (Michx.) Hara, stat. nov. 
Monotropa lanuginosa Michaux, Fl. Bor. Amer. 2: 266 (1803). 
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their petals sparsely hairy outside and densely so inside; and the length of 
their styles varies from 3 to 5mm by individuals. They are generally more 
densely hairy on petals and ovary than European M. Hypopithys, and they 
tend to have more robust stems, and larger and less hairy flowers than North 
American M. lanuginosa. M. lanuginosa of U. S. A., in its typical form, has 
slender stems, smaller flowers less than 1cm long, hairy upper scale-leaves, 
and petals densely hairy on both sides. But it is also variable, and some speci- 
mens from northern districts are less hairy, and some from New York and Idaho, 
for example, come nearer to the Japanese ones in having robust stems and less 
hairy flowers. 'The plants especially in the western part of N. America are 
highly variable, and often tinged with pink or red, and need a careful examina- 
tion. On the other hand, some from China are hairy as densely as the typical 
M. lanuginosa of U. S. A., and a robust form with broad scale-leaves of Japan 
resembles M. latisquama of N. America. The plant (var. glaberrima Hara) 
which is quite glabrous throughout, is very rare in Japan. 


(Lit) Domin in Sitz.-ber. Böhm. Ges. Wiss. II KI., I Stück:1(1915); Holmboe in Bergens 
Mus. Aarbok 1919-20, Nat. R. nr. 4, 1(1921); Hara in Journ. Jap. Bot. 14: 427 (1938), Enum. 
Sperm. Jap. 1:2(1949); Hagerup in Hereditas 30: 157 (1944). 


Monotropa uniflora L.—— — — — — —— M. uniflora 
Himalaya, c. China, Korea, (s. Alaska to s. Labrador, south to 
Honshu, Shikoku, KyushuJ Mexico & Florida 


'The Japanese plant has often thicker stems and generally broader obovate 
scale-leaves minutely serrate on the margin than the American one. It is 
always snowy white and is not pinkish nor reddish as often observed in the 
American one, and it flowers in September to October in Japan. Some American 
specimens, however, exactly agree with the Japanese, and it is impossible to 
separate plants in both areas by these characters. 

It is noteworthy that Monotropastrum globosum Andres ex Hara which 
very much resembles M. uniflora in general appearance, but differs clearly from 
the latter as illustrated in Icon. Pl. Asia.-Or. 4: t. 109 (1941), is commoner in 
Japan than the latter, and it flowers from May to October, and occurs widely 
from southern Kuriles, Saghalien, Ussuri (?), southwards to Kyushu and Formosa. 
Monotropastrum ranging over Japan, Formosa, China, and India is now divided 
into several small species mainly based on the size and the hairiness and also 
on the shape of stigma. But when a large number of living materials from 
various localites will be examined, the number of species may be reduced to 
two or three as in the case of Monotropa uniflora and M. hypopithys groups. 
The Japanese plant, although pretty variable, apparently belongs to one species, 
and the specimens from Tsushima and Saghalien cited under M. Clarkei H. 
Andres (1953) seem to be M. globosum. Also the plant from Saghalien and 
Ussuri cited under Monotropa uniflora in Fl. URSS. 18: 20 (1952) is at least 
partly Monotropastrum. 

(Lit.) Hara in Journ. Jap. Bot. 14: 810 (1938), 15: 771 (1939), Enum. Sperm. Jap. 1: 2 (1949). 
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Andromeda Polifolia L. — — A. Polifolia Se TAIEIQOTZ OLG 
n. & c. Europe (2n=48), Siberia (east to Chukch, Alaska to Labrador, south to 
(south to Pyrenees, n. Italy Kamt., Ussuri) n. Mongol., Washington, n. Idaho & Al- 
& c. Russia) n. Korea, Saghal, Kuril., berta; Greenland 
Yezo, n. & c. Honshu (alp.) A. glaucophylla Link 
CA. Polifolia subsp. glauco- 
phylla Hultén) 
Minn. to c. Labrador, south 
to n. Indiana & Penn. (2n = 
48); s. w. Greenland 


The species is variable in Japan as well as in Europe and N. America. A 
dwarf form, f. acerosa Hartm., which is smaller in all respects, is found in 
northern districts and also on high mountains of Yezo and central Honshu, and 
a broad-leaved form, f. platyphylla Hara, occurs rarely in Saghalien, Yezo and 
north Honshu. 


(Lit.) Busch in Fl. Sibir. Or.-Extr. 2: 72 (1915); Hultén, Fl. Alaska 8: 1240 (1948); Hara, Enum. 
Sperm. Jap. 1: 7 (1949). 


Arctous alpinus(L.) Niedenzu—— ——— — A. alpinus —— —— = T A. alpinus 

(Arctostaphylos alpina Sp- Siberia (east to Chukch), ^ Alaska to s. Baffin, south to 
reng.) 'Tyan-shan, n. Mongol. Yukon & New Hampshire; 

n. & c. Europe (2n— 296), Greenland 

(south to Pyrenees. Alps, var. japonica (Nakai) Ohwi——————_var. japonica 

Dalmat. ) Ajan, Saghal., Kamt., Kuril., e. Aleut., Alaska 


Yezo, n. & c. Honshu (alp.) 


The Japanese plant has usually loose branches, larger broader obovate 
leaves which are rounded at the top and are distinctly reticulate-rugose, as com- 
pared with the typical A. alpinus. 

(Lit) Fernald in Rhodora 16: 25 (1914); Nakai, Tr. & Shr. Jap. 1: 158 (1922); Hultén, Fl. 


Kamt. 4: 34 (1930), Fl. Alaska 8: 1244 (1948); Hara, Enum. Sperm. Jap. 1: 9 (1949); Karavaev 
in Not. Syst. Herb. Inst. Komarov 15: 191, map (1953). 


Chamaedaphne calyculata 


EM cnch === CN calyculata= ee Cn calyculara 
n. e. Europe (west to n. e. Siberia (east to Anadyr, Alaska to Labrador, south to 
Sweden & e. Prussia) Kamt., Ussuri), Manch., n. Brit. Columbia, Minn., n. 
Korea, Saghal., Yezo (except Indiana, & Georgia 
S. w. part) (with var. angustifolia Rehd. 


& var. latifolia Fernald) 
In Yezo, this is a dwarf shrub 10-30 cm high, and agrees with the European 
plants. 


(Lit) Busch in Fl. Sibir. Or.-Extr. 2: 78 (1915), 3:81 (1919); Rehder, Man. ed. 2, 734 (1940), 
Bibl. 532 (1949); Fernald in Rhodora 47 : 390 (1945), Man. Bot. 1125 (1950). 


Epigaea asiatica Maxim. MIR E. repens L. 
Yezo, Honshu (west to prov. Idzumo)) (Saskat. to Labrador, Mich., Ill., 
south to Missisippi to Florida 
(with var. glabrifolia Fernald) 
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(Lit) Mulligar in Journ. Roy. Hort. Soc. 64: 507 (1939); Fernald in Rhodora 41: 444 (1939) ; 
Hara, Enum. Sperm. Jap. 1: 13 (1949). 


Gaultheria hispidula ------------- G. hispidula (L.) Bigel. 
var. japonica Makino (Chiogenes hispidula (L.) Torr. et Gray) 
(Chiogenes japonica A. Gray) (Brit. Columbia to Labrador, south to 
n. & c. Honshu (mts.)] Idaho, Minn. & N. Carolina (mts.) 


The plant is growing in subalpine coniferous mossy forests in Japan. The 
American plant has sometimes more roundish leaves, but the differences between 
the two plants which were pointed out by Nakai, are not remarkable, and it 
may be doubtful to separate the Japanese plant from the N. American one 
even as a variety. 


(Lit.) Nakai, Tr. & Shr. Jap. ed. 2, 1: 220 (1927); Airy-Shaw in Kew Bull. 1940, 327 (1941); 
Hara, Enum. Sperm. Jap. 1: 12 (1949). 


Harrimanelia Steileriana (Pall.) Coville H. Stelleriana 
(Cassiope Stelleriana DC.) 
e. Siberia (Gishiga, Kamt.), n. Kuril., 


Yezo. (mts.)) (c. Honshu (alp.) 


e. Aleut., Alaska, south to 
Washington (mts.) 


Ledum palustre L. 
n. & e. Europe (2n=52), 
(south to c. Germany, Au- 
stria) 
subsp. decumbens (Ait.) Hultén 


L. palustre 
Siberia (east to Sajan, Dahu- 
ria?) 


subsp. decumbens subsp. decumbens 


(L. decumbens ( Ait.) Lodd.) Siberia (east to  Chukch, Alaska, arctic Canada to La- 
arctic Europe?, Kamt., Ochotsk), n. Korea, brador; w. Greenland 
Saghal., Kuril., c Yezo 
(prov. Ishikari, alp.) 
subsp. diversipilosum - - - - - - subsp. groenlandicum 


(Nakai) Hara! 
(L. macrophyllum Tolm.) 
e. Siberia (Ochotsk, Amur, 
Ussuri), Manch., n. Korea, 
Saghal, Kuril. (north to 
Urup), Yezo) 


(Oeder) Hultén 
(L. groenlandicum Oeder) 
(Alaska to Labrador, south 
Minn. & New 
Jersey; w. Greenland (2n= 
26) 


to Oregon, 


var. nipponicum Nakai 
s. w. Yezo, n. Honshu (alp.) 

The typical subsp. decumbens which has small narrow linear leaves strongly 
revolute on the margin, fruiting pedicels abruptly bent below the capsule, and 
capsules about 4mm long, is very rare in Japan growing only in the alpine 
region of central Yezo. 

The broad-leaved plants (subsp. diversipilosum”) covering a wide area in 
temperate easternmost Asia, are highly polymorphous in the hairiness, and 


1) Ledum palustre subsp. diversipilosum (Nakai) Hara, stat. nov. 
L. palustre var. diversipilosum Nakai in Bot. Mag. Tokyo 31: 102 (1917). 
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in the shape of capsules, but they have usually 10 stamens, and fruiting pedicels 
curved downwards arcuately. 

Its southernmost race, var. nipponicum Nakai of north Honshu, has long 
rusty hairs only on branches, petioles and midribs of the underside of leaves. Its 
leaves are white-tomentose beneath with short velvety hairs; its inflorescences 
and ovaries are also densely pubescent only with minute white hairs; its cap- 
sules are slender with a short neck, 5-7 mm long and ca. 3mm thick. This 
race clearly differs from the typical subsp. groenlandicum in having 10 stamens, 
and capsules minutely pubescent and inconspicuously glandular, and in lacking 
long rusty hairs on the under surface of leaves. 

In Yezo, however, the plants are much more variable. In some specimens, 
the underside of leaves is white tomentose and sparsely pubescent with long 
rusty hairs (var. yesoense Nakai) and in some ones it is more densely rusty 
villose hiding white-tomentum beneath (var. diversipilosum Nakai, sensu stricto), 
and in others it is only rusty villose without short white hairs. Thus both 
extremes are interconnected by a series of transitional forms. In the alpine 
region of Yezo, another broad-leaved form with short elliptic capsules 3-4 mm 
long occurs. It is also noteworthy that in young plants the underside of leaves 
is green, glabrous, and glandular punctate, and specimens with such leaves are 
sometimes found from Saghalien as well as north Honshu. 


(Lit.) Porsild in Medd. om Grónl. 58: 118 (1926), Nat. Mus. Canada Bull. 121: 262 (1951); 
Nakai, Tr. & Shr. Jap. ed. 2, L: 17 (1927); Hultén, Fl. Kamt. 4: 8 (1930), Fl. Alaska 8: 1217 
(1948); Hara, Enum. Sperm. Jap. 1: 17 (1949); Tolmatchev in Not. Syst. Herb. Inst. Komarov 
15 : 197 (1953). 


Loiseleuria procumbens (L.) Desv. — L. procumbens 

n. & c. Europe (2n=24), Siberia (east to  Chukch, 

(south to Pyrenees, Alps, Kamt, Amur), Mongols 

Carpathians) Saghal., Kuril., Yezo, Hon- 
shu (alp., west to Hôki) 


L. procumbens 
e. Aleut., Alaska to Baffin, 
Labrador, south to Alberta, 
New England (alp.); Green- 
land 


Oxycoccus quadripetalus Gilib. — 
(Vaccinium Oxycoccus L.) 
n. & c. Europe (2n=48), 


— O. quadripetalus 
w. & s. Siberia (east to Kamt., J 
Ussuri), n. Mongolia, n. 
Korea, Saghal., Kuril., Yezo, 
n. & c. Honshu (mts.) 


subsp. microcarpus — 
Siberia (east to  Chukch, 
Kamt., Amur) Manch,?, n. 
Korea, n. Mongol., Saghal., 
Kuril., Yezo, c. Honshu (mts., 
rare) 


subsp. microcarpus (Turcz. ) 
Braun-Blanq. 

(O. microcarpus Turcz.) 

n. Europe (2n=24) (south 

to Alps, Carpathians) 


O. quadripetalus 
(Brit. Columbia to Labra- 
dor, south to Oregon, Minn., 
Virginia (mts.) & New Jer- 
sey (2n=48); Greenland 


—— subsp. microcarpus 
Alaska to n. Labrador, south 
to Brit. Columbia, Alberta, 
Hudson Bay 


Subsp. microcarpus which is smaller than O. quadripetalus in all respects, 
and has ovate leaves broadest near the base, and glabrous pedicels, is very rare 
in Japan. 


A race common in peat bogs of Japan is much stouter in all parts, and 
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has oblong to broad elliptic leaves 6-14 mm long and 2.5-6 mm wide, corolla- 
lobes 6-8 mm long, and softly pubescent pedicels. It had once been referred to 
Vaccinium Oxycoccos var. ovalifolium Michx. (var. intermedium Gray) of N. 
America, but it agrees well with a robust form of O. quadripetalus from 
Europe. Some specimens from Yezo and Saghalien have leaves with scattered 
soft hairs on the under surface. 


(Lit.) Fernald in Rhodora 4:234(1902) 11:54(1909); Hultén, Fl. Kamt. 4: 44 (1930), FI. 
Alaska 8: 1249 (1948); A. E. Porsild in Canad. Field-Nat. 52 (8): 116 (1938); Hagerup in 


Hereditas 26: 399 (1940); Camp in Bull. Torrey Bot. Cl. 71: 426 (1944); Hara, Enum. Sperm. 
Jap. 1: 22 (1949). 


Phyllodoce coerulea (L.) Bab. — — 19, ama eee Bana 

(Andromeda coerulea L.) (Siberia (Sajan, Dahuria, to w. Alaska] (e. Mackenzie, 

Europe (2n=24) (n. Europe, Chukch, Kamt., Ochotsk, Keewatin, n. Manitoba, Baf- 

Scotland, Pyrenees, Alps Amur), n. Mongol., Manch., fin, Labrador, Newfld., Que- 

(very rare), Urals)) n. Korea, Saghal, Kuriles, bec, New Hampshire (mts.) ; 
Yezo (alp.), n. Honshu (alp., Greenland 


rare) 


(Lit.) Busch, Fl. Sibir. Or. Extr. 2: Eric. 46 (1915); Hultén, Outline Hist. Arc. & Bor. Biota 
94, f. 7 (1937) ; Hara, Enum. Sperm. Jap. 1: 24 (1949); Cody in Canad. Field-Nat. 67 : 131 (1953). 


Vaccinium Myrtillus L.— — — — — V. Myrtillus ——— : V. Myrtillus 
Europe (2n=24) (incl. Ice- Asia Minor, Caucasus, (V. oreophilum Rydb., p. p.) 
land); n. Africa (mts.) Siberia (east to Lena, Dahu- (s. e. Brit. Columbia to Al- 
ria, n. Mongol.) berta, south to Washington, 
V. Yatabei Makino Arizona & New Mexico (mts.) 
n. & c. Honshu (subalp.) V. scoparium Leiberg 


Brit. Columbia to Alberta, 
south to n. Calif., Colorado 
& w. S. Dakota (mts.) 


V. Yatabei is a dwarf plant with slender divaricate branches, broad ovate 
leaves, greenish gray corollae, and red globose (not depressed) berries with the 
broad receptacle. 


(Lit.) Nakai, Tr. & Shr. Jap. ed. 2, 1: 257 (1927) ; Sleumer in Engl., Bot. Jahrb. 71: 485 (1941); 
Camp in Brittonia 4 (2): 207 (1942); Hara, Enum. Sperm. Jap. 1: 70 (1949). 


Vaccinium ovalifolium - ---------- V. ovalifolium J. E. Smith 
var. membranaceum Boiss. (V. Chamissonis Bong.) 
(var. coriaceum Boiss, p. p.; w. & e. Aleut., Alaska, south to n. 
V. axillare Nakai) Oregon & Idaho, east to s. e. 
Ussuri, Saghal., Kuril., Commander Brit. Columbia] (Great Lake reg.) 
Is., Yezo, n. & c. Honshu (alp.) (Quebec, s. e. Labrador, Newfld., 


var. Shikokianum (Nakai) Hara Nova Scotia 
(V. shikokiamum Nakai) 
n. & c. Honshu (alp.) 

Although variable in the shape of leaves, corollae and berries, a race com- 
mon in Japan (var. membranaceum Boiss.) tends to have robust branches, thin 
entire leaves, longer pedicels, and shorter urceolate corollae. While V. ovali- 
folium of N. America has often slender flexuose branches, shorter pedicels, and 
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longer ovoid corollae. However, specimens from Aleutian Is. have robust 
branches as in the Japanese ones, and some from Washington have pedicels 
attaining 15 mm long. I think that it is proper to regard all the East Asiatic 
plant as conspecific with V. ovalifolium of N. America. 

In the northern part of the area, especially in Saghalien, a form which has 
thicker leaves with minute serration on the lower margin prevails, but it is 
difficult to recognize it as a separate taxonomic unit. The leaves are usually 
quite glabrous, but on mountains of northern Honshu, a form with leaves 
patently pilose on nerves beneath is sometimes found (var. villosum Boiss.). 

Var. shikokianum? is a distinct alpine race differentiated in Japan, and it 
is a depressed dwarf shrub, and has dense robust dark branches, small coria- 
ceous bluish green leaves which are roundish with the subcordate base and with 
the low but conspicuous serration, and are distinctly and finely reticulate-veined, 
more deeply lobed calyces, and depressed urceolate corollae. A similar but 
slightly different form also occurs in the alpine region of Yezo. 


(Lit.) Nakai, Tr. & Shr. Jap. ed. 2, 1: 259 (1927) ; Sleumer in Engl., Bot. Jahrb. 71: 484 (1941) ; 
Camp in Brittonia 4 (2): 223 (1942); Hultén, Fl. Alaska 8: 1255 (1948); Hara, Enum. Sperm. 
Jap. 1: 63 (1949). 


Vaccinium uliginosum L. ———— —— V. uliginosum — — ——— .—— —.V. uliginosum ` 
Europe (2n=48), Caucasus, Siberia (east to Aleut., Alaska, Yukon, east 
(south to Spain, Albania, Chukch, Kamt., Ussuri), n. to Ontario, south to Calif. ; 
Bulgaria) Mongol., n. Manch., Korea, Greenland 
Saghal, Kariis Yezo n. var. occidentale (Gray) Hara 
& c. Honshu (alp.) (2n=72), (V. occidentale Gray) 
Quelp. Brit Columbia, Montana, 
Wyoming, south to n. Calif. 
& Utah 
subsp. microphyllum Lange subsp. microphyllum 
(V. microphyllum Hagerup) (? var. alpinum Bigel.) 
n. Norway (2n=24), Iceland Aleut., Alaska, arctic Canada to Newfld., 


south to Oregon, n. Calif., n. Minn., east 
to n. New England; Greenland (2n=24) 


The species is very polymorphous in Japan as well as in Europe and N. 
America, and the size and shape of leaves, corollae, anthers, and berries are 
exceedingly variable by conditions of habitat and by individuals as explained 
in my paper of 1953. 

In Japan, a macrophyllous form and a microphyllous one are often found 
intermixed at the same locality. Some specimens with large glabrous leaves 
agree well with European V. uliginosum, on the other hand, some dwarf Japanese 
specimens with small leaves and flowers can hardly be distinguished from var. 
alpinum Bigel. of eastern N. America. The shape of anthers also seems to 
give no clue to separate the plants into geographical races. The taste of berries 


1) Vaccinium ovalifolium Smith var. shikokianum (Nakai) Hara, stat. nov. 
V. shikokianum Nakai in Bot. Mag. Tokyo 40: 481 (1926). 
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seems to me to be the same both in the Japanese and the European plants. 
It is remarkable that the plant from Mt. Asama, an active volcano in central 
Honshu, is hexaploid (2n-72). 
and is absent from the southwestern part of Yezo. 


The species is very rare in northern Honshu 
At present it is difficult 
to decide whether all Japanese plants belong to a single race or not. 

A form with leaves minutely pilose beneath is not uncommon in Saghalien 
and north Korea. Var. occidentale of north-west U.S. A. has thin narrow 
leaves which are slightly reticulate-veined and acutish at both ends. 

A critical revision including a cytological investigation of various forms 
from East Asia and N. America is much needed, and it is doubtful if true 
subsp. microphyllum which is diploid, occurs in East Asia. 


(Lit.) Fernald in Rhodora 25: 24 (1923); Hagerup in Hereditas 18: 122 (1933); Malte in Rho- 
dora 36: 183 (1934); Hara in Bot. Mag. Tokyo 50: 494 (1936); Hultén, Fl. Aleut. 267 (1937), 
Fl. Alaska 8: 1258 (1948); Polunin in Nat. Mus. Canada Bull. 92: 314 (1940) ; Sleumer in Engl., 
Bot. Jahrb. 71: 414 (1941); Hara, Enum. Sperm. Jap. 1: 67 (1949), in Journ. Jap. Bot. 28: 83 
(1953); Love in Bot. Notis. 1950: 47; Porsild in Nat. Mus. Canada Bull. 121: 268 (1951). 


V. Vitis-idaea 

Caucasus, Siberia (east to 
Ochotsk, Ussuri, c. Kamt.), 
n. Mongol, n. Manch., n. 


Vaccinium Vitis-idaea L. 
n. & c. Europe (2n=24), 
(south to England, n. Italy, 
Macedonia) 


Korea, Saghal. V. Vitis-idaea 


var. minus— = 


var. minus 


var. minus Loddiges 
(subsp. minus Hultén) 
(Iceland, 


arctic Europe 


arctic Russia) 


Siberia (arctic, east to 
Chukch, Kamt., Ochotsk), n. 
Mongol., Korea, Saghal., 
Kuril., Yezo, Honshu (alp.), 


Aleut., Alaska, to Baffin, Lab- 


rador, south to Vancouver 
IL, n. Minn. & Mass. (2n— 
24); w. Greenland 


Shikoku (alp.), Kyushu (alp.) 

All Japanese material of the species belongs to var. minus having smaller 
leaves 0.8-1.5 (2)cm long. In Saghalien and north Korea, however, populations 
with large leaves which come near to the typical V. Vitis-idaea, occur. Also 
in Europe some have as small leaves as the Japanese, and the difference between 
them seems to be very slight. 

(Lit.) Fernald in Rhodora 4: 231 (1902), Man. Bot. 1134 (1950) ; Hultén, Fl. Kamt. 4 : 41 (1930), 
Fl. Alaska 8: 1262 (1948), in Svensk Bot. Tidsk. 43: 394 (1949); Nakai in Journ. Jap. Bot. 17: 


9 (1941); Hara, Enum. Sperm. Jap. 1: 69 (1949); Lóve in Bot. Notis. 1950 : 47, f. 14. 


Empetrum nigrum L. —— 


n. & c. Europe (2n=26), 


LE LE 
Siberia (east to Chukch), n. 
Mongol. 
var. japonicum K. Koch 

(E. kurilense Vassil.) 

e. Siberia (Amur, Ussuri, 
Ochotsk, Kamt.), n. Korea, 
Quelpaert, Saghal, Kuril., 
Yezo, Honshu (alp.) 


OS READ 
Aleut., Alaska to Newfld., 
south to n. Calif., n. Minn., 
n. New England (alp) & 
Long Is. ; Greenland 
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E. hermaphroditum.— — — ———E. hermaphroditum — — — — ——E. hermaphroditum 
(Lange) Hagerup (?E. androgynum Vassil.) 
Europe (2n=52), Caucasus, n. Siberia Aleut., Alaska, Canada ; 
(northern part & Alps) Greenland 


Although some intermediate specimens are found from Saghalien, etc., all 
Japanese plant (var. japonicum) has narrower and often longer leaves which 
are strongly reflexed, as compared with the typical E. nigrum. Its berries are 
the same in size and taste as those of Europe. I have not enough material to 
judge Vassiljev’s recent splitting of the group. 


(Lit.) Good in Journ. Linn. Soc. 47: 489 (1927); Hagerup in Dansk Bot. Ark. 5 (2)2 1.61927) 
Okada in Amoeba 2-1, 3, t. 2, 2 fig. (1930); Hara in Bot. Mag. Tokyo 50: 492 (1936), Enum. 
Sperm. Jap. 1:6 (1949); Nakai, Fl. Sylv. Korea. 21: 109, fig. (1936); Marklund in Mem. Soc. 
Faun. Fl. Fenn. 16: 74 (1940); Hultén, Fl. Alaska 7: 1124 (1947); Vassiljev in Fl. URSS. 14: 
512 (1949). 


Diapensia lapponica L. — — D. lapponica —— ———— D. lapponica 
n. Europe (2n— 12) (Iceland, arctic Siberia (east to Yeni- Cw. of Hudson Bay to Baffin, 
Scandinavia, Scotland (rare), sei R.)) Labrador, south to n. New 
to n. Urals) York & n. New England 
(alp.); Greenland 
subsp. obovata (Fr. Schm.) Hultén ————— subsp. obovata 
(D. obovata Nakai) Alaska, east to Mackenzie R. 


Siberia (Khatanga R., Dahu- 
ria, east to Chukch, Kamt., 
Ochotsk, Ussuri),  Saghal., 
Kuril., Yezo, n. & c. Hon- 
shu (alp.)) CQuelpaert) 

Subsp. obovata is generally recognized clearly in having looser branches, 
spathulate to obovate leaves (1.5) 2-4 (4.5) mm wide and reticulate-veined above, 
and narrow petioles. But some individuals rarely found on high mountains of 
Yezo have narrow leaves, and approach to the European plant. 


(Lit.) E. Busch, Fl. Sibir. Or. Extr. 4: Diap. 3 (1926); Evans in Not. Bot. Gard. Edinb. 15 : 224 
(1927); Nakai, Tr. & Shr. Jap. ed. 2, 1: 269 (1927), in Bot. Mag. Tokyo 46: 61 (1932); Hultén, 
Fl. Kamt. 4: 46 (1930), Fl. Alaska 8:1265(1948); Porsild in Trans. Roy. Soc. Canada ser. 3, 
sect. 5, 32: 35 (1938); Hara, Enum. Sperm. Jap. 1: 71 (1949); Schischkin in Fl. URSS. 18: 105 
(1952). 


Shortia uniflora (Max.) Maxim. «++++++++++ S. galacifolia A. Gray 

w. Yezo, n. & c. Honshu (mts.)) (N. Carolina, S. Carolina & Geor- 
gia (mts.) (2n—12) 

S. uniflora of Japan has pink or pale pink corollae with obovate lobes (10- 
16 mm wide) subtruncate at the top and lacinulate, leaves tending to be reniform, 
longer filaments 6-9 mm long, and cochlear staminodes inwardly reflexed at the 
middle. While S. galacifolia which is very localized in the Alleghany Mts., 
has smaller white (or very pale pink) corollae with narrower (5-9 mm wide) 
elliptic lobes roundish at the top and coarsely obtuse-serrate, leaves ovate- 
rounded to broad ovate, shorter filaments 2-4 mm long, and oblong staminodes, 
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Recently three local races of S. uniflora were discriminated by Honda based 
on the shape and size of leaves, and S. galacifolia var. brevistyla was separated 
by Davies from N. Carolina. 


(Lit. Hara, Enum. Sperm. Jap. 1: 73 (1949); Davies in Rhodora 54: 121 (1952); Honda in 
Journ. Jap. Bot. 29: 161 (1954). 


Androsace Chamaejasme Host 
c. Europe (mts.), Caucasus 
(Pyrenees, Alps, Carpathians) 


A. Chamaejasme A. Chamaejasme 


subsp. Lehmanniana (Spr.) 


subsp. Lehmanniana 


subsp. Lehmanniana 


Hultén Caucasus, C. Asia, Siberia e. Aleut., Alaska, to Mack- 
(A. Lehmanniana Spreng., (east to Chukch, Kamt., enzie & w. Franklin 
A. capitata Willd.) Ochotsk), Mongol., n. China, subsp. carinata (Torr.) Hul- 
easternmost Europe (Vaiga- n. Korea, Saghal., Kuril., tén 


tch, Urals), Yezo (Kitami), 


(Mt. Hayachine) 

The plant is found only in three isolated localities in Japan, and it agrees 
with A. capitata Willd. from Kuriles and Kamtchatka which was referred to 
A. Lehmanniana by Handel-Mazzetti and Hultén. However, various races 
closely allied to A. Chamaejasme were recorded from continental Asia, and the 
classification of the group needs a careful revision. 


(Lit.) Hand.-Mazz. in Not. Bot. Gard. Edinb. 15: 281 (1927); Hultén, Fl. Kamt. 4: 53 (1930), 
Fl. Alaska 8: 1280 (1948); Hara, Enum. Sperm. Jap. 1: 82 (1949); Schischkin et Bobrov in FI. 
IURSSS18:229!/(1952): 


n. Honshu Brit. Columbia, s. Alberta 


Cortusa Matthioli L. — — — — ——— — C. Matthioli 
(C. sibirica Andr.) 
C. Asia, Himalaya, s. Siberia (east 
to Amur, Ussuri), with some races. 
subsp. pekinensis (Richt.) Kitagawa 
(C. coreana (Nakai) Nakai) 
Amur, Ussuri, n. Mongol., n. China, 
s. Manch., n. Korea 
var. yezoensis (Miy. & Tat.) Hara 
(C. sachalinensis Los.-Losinsk.) 
Saghal., Yezo (mts.) 


c. Europe (Alps, Carpathians, c. 
Russia, Urals), with several local 
races. 


Recently C. Matthioli was divided into several small species mainly based 
on the shape of leaves and calyces, and the hairiness, and Miyabe and Tate- 
waki recognized 3 species and 2 varieties from Saghalien and Yezo. However, 
after examining a number of specimens, I came to the conclusion that at least 
the plants from Yezo and Saghalien belong to a single geographical race. The 
lobes of leaves are 1-2cm long and attain 1/4 to 3/5 (-1/2) of the length of the 
blade; the calyx is 5-6 mm long and its lobes are lanceolate with the broad 
base and 3-4mm long in flower; and the length of capsules vary from 5 to 
10mm long. Although considerably variable, var. yezoensis together with var. 
pekinensis from China and Korea is distinguished from European C. Matthioli 
by having more deeply lobed leaves with acute coarse serration and lanceolate 
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calyx-lobes, and differs from the typical var. pekinensis only in having acutish 


corolla-lobes. 

(Lit.) Richter in Termés. Füzet. 17 (3-4): 185 (1894); Podpéra in Beih. Bot. Centralbl. Abt. 
2, 39:276 (1922); Losina-Losinskaja in Act. Inst. Bot. Acad. Sci. USSR. ser. 1, 3: 229 (1936) ; 
Miyabe ct Tatewaki in Trans. Sapporo Nat. Hist. 16: 184 (1940); Hara, Enum. Sperm. Jap. 
1: 83 (1949); Fedorov in Fl. URSS. 18: 244 (1952). 


Glaux maritima L. —— —— — — G. maritima — G. maritima 
Europe (2n—30), Asia Minor, Caucasus, Iran, C. Asia, s. {s. Alaska to s. Laborador, 
Siberia (east to Amur, Ussuri),] south to Calif., New Mexico, 
Tibet, Mongol., China, Manch., Minn. & Virginia 
Korea, Saghal., s. Kuril., Yezo, 
n. & c. Honshu; East Indies 


Most of the Japanese plants has broad leaves with the obtuse tip, and 
belongs to var. obtusifolia Fernald. 


(Lit.) Fernald in Rhodora 4: 213 (1902), Man. Bot. 1143 (1950); Printz, Veg. Siber.-Mongol. 
Front. 354 (1921); Hultén, Fl. Alaska 8: 1294 (1948); Hara, Enum. Sperm. Jap. 1: 84 (1949). 


Lysimachia thyrsiflora L. ——  — —— L. thyrsiflora —L. thyrsiflora 
(Naumburgia thyrsiflora (L.) Reichb.) 
Europe (2n=ca. 40) (south e. C. Asia, Siberia (east to w. Aleut] (Alaska to Nova 
to France & Bulgaria), Kolyma, Kamt., Ussuri), n. Scotia, south to Calif., Colo- 
Mongol., w. China, Manch., rado & Penn. 
n. Korea, Saghal, Kuril., 
Yezo, n. & c. Honshu 


Lysimachia vulgaris L. ——— — — — — L. vulgaris 

Europe (2n=28), Asia Minor, Caucasus, C. Asia, Siberia (east 
(except the extreme north), to Lena) 

n. Africa subsp. davurica (Ledeb.) Tatewaki 


(L. davurica Ledeb.) 

s. Siberia (Sajan, Dahuria, east to 

Amur, Ussuri), Mongol.?, China, 

Manch., Korea, Saghal., s. Kuril., 

Yezo, Honshu, Kyushu 

In having stems, inflorescences and midribs of leaves densely covered only 

with minute glandular-papillae, the East Asiatic race is easily distinguished 
from the European one which has stems and leaves pubescent with soft patent 
hairs, leaves with impressed nerves, and deep yellow flowers often dark reddish 
in the centre. Subsp. davurica has often narrow leaves less than 8mm wide 
in its typical form, and lemon yellow corollae. But in Japan a form” with 
broader leaves which are 4-12cm long and 1.5-4cm wide, is predominant. 


(Lit.) Hara in Bot. Mag. Tokyo 50: 567 (1936), Enum. Sperm. Jap. 1: 85 (1949); Steinberg in 
Fl. URSS. 18: 266 (1952). 


1) Lysimachia vulgaris subsp. davurica f. latifolia (Korsh.) Hara, comb. nov. 
L. davurica f. latifolia Korshinsky in Act. Hort. Petrop. 12: 368 (1892). 
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Samolus Valerandi L. . — — 5. Valerandi 


Europe (2n=ca. 24), Caucasus, C. Asia, Arabia, Iran, 
(except the extreme north); Afghanistan, Himalaya, s. e. 
Africa China; Australia 
S. parviflorus Rafin.———___S. parviflorus 
(S. floribundus H. B. et K.) (British Columbia, Mich., s. 
w. Yezo, n. & c. Honshu) Ontario to Quebec, south to 
(west to Ohmi & Oki) Mexico & Florida; West 


Indies; C. & S. America 


Samolus Valerandi has erect stems, ascending pedicels 5-12mm long and 
slightly geniculate at the attaching point of a lanceolate bracteole, larger 
flowers, and larger capsules 3-4mm long. While S. parviflorus has slender 
stems with divaricate branches, loose racemes, more slender divaricate pedicels 
8-18 mm long, smaller bracteoles, much smaller flowers, and smaller capsules 
2-3 mm long. 


(Lit.) Knuth in Engl., Pfl.-reich 1V-237, Ht. 22: 337 (1905); Hara in Journ. Jap. Bot. 22: 137 
(1948), Enum. Sperm. Jap. 1: 96 (1949). 


Trientalis europaea L. ——— T. europaea T. europaea 

n. & c. Europe (2n=ca. 112, Siberia (east to Kamt., Ocho- c. Alaska, Great Slave Lake 
160) (south to Alps, Carpa- tsk, Ussuri), n. Mongol., distr., s. e. Brit. Columbia? 
thians, s. Russia) Manch., n. Korea, Saghal., 


Kuril., Yezo, Honshu (mts.), 
Shikoku (alp.) 


var. arctica (Fisch) Ledeb.— — —— var. arctica 
(subsp. arctica Hultén) Aleut., Alaska, Yukon, south 
e. Siberia (Sajan, Dahuria, to Oregon & e. Washingt. 


Chukch, Kamt., Ochotsk), 
Saghal., Kuril., Yezo, n. & 
c. Honshu (mts., rare) 

In Japan, the typical T. europaea which has acute often large leaves crowded 
at the top of stem and a few small cauline leaves, is not uncommon in the 
subalpine region, while var. arctica which has more numerous and larger 
cauline leaves obtuse or roundish at the top is rare and is confined to the 
Sphagnum peat bog. The species, however, is variable in the shape and the 
size of leaves and petals, and some specimens from northern Japan have small 
broad leaves rounded at the apex and broad petals as in var. arctica, but their 
leaves are crowded at the top of stem. On mountains of Honshu where both 
forms occur, var. arctica seems to be merely an ecological form of T. europaea 
adapted to the Sphagnum bog, and on the margin of bogs a series of inter- 
mediate forms between the two races are observed. 


(Lit.) Hultén, Fl. Kamt. 4: 56 (1930), Fl. Alaska 8: 1291 (1948); Hara, Enum. Sperm. Jap. 1: 
97 (1949); Gorschkova in Fl. URSS. 18: 270 (1952). 


Fauria crista-galli (Menz.) Makino F. crista-galli 
s. Kuril., Yezo, n. & c. Honshu (mts.)) (Alaska, south to n. w. Washington 
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The Japanese specimens agree well with those of North America. 
(Lit.) Hultén, Fl. Alaska 8: 1315 (1948); Hara, Enum. Sperm. Jap. 1: 130 (1949). 


Gentiana frigida Haenke c-e G. algida Palas ——— = G algida 
c. Europe (2n=24) (Steier- Siberia (Obi, Altai, east to (incl. var. Romanzowii Kusn.) 
mark, Carpathians, Trans- Chukch, Kamt., Ochotsk) Alaska & Yukon] (Montana, 


(2n=26), e. C. Asia, Tyan- south to Utah & Colorado 
shan, Mongol., n. Korea] (n. 

& c. Honshu (alp.). 

var. Igarashii Miyabe et Kudo 

c. Yezo (prov. Ishikari, alp.) 

var. nubigena (Edgew.) 

Himalaya, Tibet 

var. Przewalskii (Maxim.) Limpr. 

e. Tibet 


(Lit.) Hultén, Fl. Kamt. 4: 61 (1930), Fl. Alaska 8:1300(1948); Hara, Enum. Sperm. Jap. 1: 
131 (1949) ; Grossheim in Fl. URSS. 18: 559 (1952). i 


sylv.) 


AG, clamo) 

Alaska, Yukon, to w. Alberta, 
south to Brit. Columbia & 
Montana 


Gentiana glauca Pallas— 
Siberia (Yakutsk, east to Chukch, 
Kamt., Ochotsk), Kuril.?, c. Yezo 
(prov. Ishikari, alp. rare) 


Halenia corniculata (L.) Cornaz H. corniculata 

e. Europe (Russia), s. Siberia (east to Ajan, s. Kamt., Ussuri) n. Mongol., 
Manch., n. China, Korea, Saghal., Kuril., 
Yezo, Honshu, Shikoku, Kyushu 


(Lit.) Hultén, Fl. Kamt. 4: 69 (1930); Hara in Journ. Jap. Bot. 13: 389 (1937), Enum. Sperm. 
Jap. 1: 137 (1949); Grossheim in Fl. URSS. 18: 638 (1952). 


Lomatogonium carinthiacum (Wulf.) Reichb.——L. carinthiacum 

c. Europe (Alps, Carpath.), Caucasus, se. C. Asia, Afghanistan, Hima- 
laya, s. Siberia (east to Kamt.), n. 
China] (c. Honshu (alp.) 


(Lit.) Hara, Enum. Sperm. Jap. 1: 138 (1949); Grossheim in Fl. URSS. 18: 620 (1952). 


Menyanthes trifoliata L.. M. trifoliata — M. trifoliata 

Europe (2n—54), Asia Minor, Caucasus, e. C. Asia, Siberia e. Aleut., Alaska, Alberta, 
(east to Anadyr, Kamt., Us- south to e. Calif. & Colorado ; 
suri) Himalaya, Tibet, Mon- s. Greenland 


gol, w. China, Manch., n. 
Korea, Saghal., Kuril., Yezo, 
Honshu, n. Kyushu (2n=54) 


var. minor Michx. ex Raf. 
Alberta to Labrador, south to 
Wyoming, Missouri & Mary- 
land (2n=54) 


The Japanese plant is a good match with the European. It is certain that 
the species had once been widely distributed in the Japanese Archipelago south 


to Kyushu at the last glaciation. 


It is now surviving isolated on the mountain 


of north Kyushu, and its remains are found in the districts of Japan connec- 


ting present isolated localities. 


While in Europe it spread northwards after 


the Ice age, and has almost continuous distribution in the cool region of the 


northern hemisphere. 
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(Lit.) Fernald in Rhodora 31:195(1929); Hultén, Fl. Alaska 8: 1316 (1948); Hara, Enum. 
Sperm. Jap. 1: 138 (1949); Boivin in Canad. Field-Nat. 65: 20 (1951). 


Nymphoides peltata (Gmel.) O. Kuntze—— — —— N. peltata 
(Limnanthemum nymphoides (L.) Caucasus, C. Asia, Iran, India, 
Hoffm. et Link.) Mongol., China, s. Siberia (east to 
c. & s. Europe (2n—54) (north to Amur, Ussuri) Manch., Korea, 
s. e. Sweden), Honshu, south to Kyushu, Formosa 
Swertia perennis L. ---------- S. perennis ------------- S. perennis 
c. & s. Europe (2n=24, 28) subsp. obtusa (Ledeb.) HaraD (Alaska, Washing., to Mon- 
(Pyrenees, Alps, east to (S. obtusa Ledeb.) tana, south to Calif. & New 
Estonia, w. Ukraine, & (Siberia (Ural, Altai, east to Mexico (mts.) 
Balkan)) Amur, Ussuri), n. Mongol. 
var. stenopetala (Reg. et 
Til.) Maxim. 


Ochotsk, Saghal., c. Kuril. 
subsp. cuspidata (Max. ) Hara!) 

(S. cuspidata Kitagawa) 
Yezo, n. & c. Honshu (alp.) 
(2n=18) 

Recently St. John and Hultén came to the conclusion that the North Amer- 
ican plants have no essential differences from S. perennis of Europe. Although 
the American plants are near to the European, the Asiatic plants belong to 
separate geographical races from the European. 

The plants from the alpine region of Japan, subsp. cuspidata, clearly differ 
from the European in having larger broader basal leaves which are oblong to 
roundish ovate and 2.5-6 cm wide, larger more pointed lanceolate corolla-lobes 
which are long attenuate to the acute apex and 12-20 mm long 2.5-3.5 mm wide, 
and foveae fringed with longer setae up to 2mm long. The typical subsp. 
obtusa from Altai has broader obtuse corolla-lobes 10-12 mm long 4-5 mm wide, 
and foveae fringed with long setae. Var. stenopetala from Ochotsk and Sagha- 
lien has acutish corolla-lobes 10-12 mm long 3mm wide which are similar to 
those of S. perennis, but has foveae with long setae. The plants from Caucasus 
is somewhat intermediate between S. perennis and subsp. obtusa. I have not 
seen any specimens of var. manshurica Komar. (S. manshurica Kitag.). 

(Lit. Kitagawa, Lineam. Fl. Mansh. 361 (1939); St. John in Amer. Midl. Nat. 26: 8 (1941); 
Hultén, Fl. Alaska 8: 1314 (1948); Hara, Enum. Sperm. Jap. 1: 142 (1949); Grossheim in FI. 
URSS. 18: 630 (1952). 


1) Swertia perennis L. subsp. obtusa (Ledeb.) Hara, stat. nov. 
S. obtusa Ledebour in Mém. Acad. Sci. St.-Pét. 5: 526 (1814). 
subsp. cuspidata (Maxim.) Hara, stat. nov. 
S. perennis vex. cuspidata Maxim. in Bull. Acad. Sci. St.-Pét. 20 : 434 (1875). 
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Trachomitum venetum (L.) Woodson—— —— T. venetum & vars. 
(Apocynum venetum L.) Asia Minor, Caucasus, Iraq, Iran, 
s. Europe (Italy, Balkan, s. Russia), Afghanistan, C. Asia, Siberia 
(2n—109922) var. lancifolium (Russan.) Hara? 


(A. lancifolium Russan.) 
C. Asia, s. Siberia (Altai, to Dahu- 
ria) Himalaya, Tibet, Mongol., s. 
Manch., n. China, Korea 
var. Basikurumon (Hara) Hara 
Yezo (west coast) Honshu (Mutsu 
& Echigo, coast, rare) 


The genus Trachomitum was here used, as it was recognized by Woodson 
(1930) and Pichon (1948 & 50), both specialists in Apocynaceae. T. venetum in 
a wide sense is very variable in the shape and size of leaves, calyces and 
corollae, especially in south-western Asia, and it was recently segregated into 
several small species. 

The easternmost race, var. Basikurumon of Japan, is very local confined 
to coastal rocky places, and its leaves are narrow-oblong 2-5 cm long 7-15 mm 
wide and are obtuse with a callose tip. It is to be noted that this race is very 
near in the shape of leaves and calyces to the westernmost T. venetum of 
Europe and western Asia. The plants from Yezo have glabrescent pedicels, 
calyces, and ovaries, but some from Korea and eastern China show intermediate 
forms. All continental Eurasiatic races have usually more or less pubescent 
pedicels and calyces with short stiff hairs. 

The plants from Central Asia and interior China have often much narrower 
(5-7 mm wide) leaves than var. Basikurumon, and those from Altai have longer 
leaves (4-6 cm x 8-9 mm) somewhat pointed at the apex, and calyces with short 
patent hairs. While a few specimens from China, south Manchuria and Siberia 
have leaves nearly as broad as var. Basikurumon. 


(Lit.) Beguinot et Belosersky in Mém. Accad. Lincei. Sci. ser. 5, 9: 597 (1913); Woodson in 
Ann. Miss. Bot. Gard. 17: 158 (1930); Russanov in Act. Inst. Bot. Acad. Sci. URSS. ser. 1, 1: 
165 (1933); Hara in Journ. Jap. Bot. 17: 634 (1941), 26: 115 (1951); Pobedimova in Fl. URSS. 
18: 658 (1952). 


Calystegia sepium (L.) R. Br. —— QC. sepium 

Europe (2n=24), Caucasus, s. w. Asia, s. Siberia (Altai) C. sepium 

n. Africa var. americana (Sims) Matsuda— var. americana 

var. dumetorum (Pospichal) (var. communis (Tryon) Hara) Brit Columbia to Newfld., 

Europe s. Siberia (Dahuria), China, south to New Mexico & 
Manch., Korea, s. Kuril., Florida 
Yezo, Honshu; Australia, var. fraterniflora (Mackenz. 
New Zealand & Bush) 


N. Dakota to Penn., south 
to Arkansus & Virginia 

var. repens (L.) Gray 
Calif., Wisconsin, Ontario, 
New Brunsw., south to Texas 


& Florida 


1) Trachomitum venetum (L.) Woodson var. lancifolium (Russan.) Hara, stat. nov. 
Apocynum lancifolium Russanov in Act. Inst. Bot. Acad. Sci. URSS. ser. 1, 1: 167 (1933). 
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This plant is not common in Japan, and I am not quite sure if the species 
is really spontaneous, and if an European form with white flowers is naturalized 
to Japan. A common wild plant in Japan is a closely allied C. japonica Choisy 
which has distinctly hastate leaves with a more elongate blade and spreading 
basal lobes, pink flowers, and floral bracts obtuse at the apex. 

(Lit.) Tryon in Rhodora 41: 418 (1939); Hara in Journ. Jap. Bot. 17: 395 (1941), Enum. 


Sperm. Jap. 1: 161 (1949); Hylander in Bot. Notis. 1941, 129 (1941); Fernald in Rhodora 
51: 72 (1949); Man. Bot. 1181 (1950). 


Calystegia Soldanella (L.) R. Brown——C. Soldanella— — — ——— -C. Soldanella 
c. & s. Europe (2n=22), Asia Minor, Caucasus, n. Iran] CWashington south to Calif. ; 
n. Africa (China, s. Manch., Korea, c. C. America, S. America 


& s. Kuril., Yezo, south (Pacific coast) 
to Formosa (2n=22); Aust- 
ralia; New Zealand, Oceania 


(coast) 
Cuscuta europaea L.— ———— — C. europaea 
Europe (2n=14), Asia Minor, Caucasus, s. w. Asia, C. Asia, 
(except the extreme north), n. India, Tibet, Mongol., 
n. Africa n. Manch., Saghal, Yezo 


(Lit.) Yuncker in Mem. Torrey Bot. Cl. 18 (2): 274 (1932); Hara, Enum. Sperm. Jap. 1: 
162 (1949). 


Dichondra repens Forst. — ——- D. repens D. repens 

Africa (tropical & south)) (Burma, China, Korea, w. CArkansus to Virginia, south 
Honshu, south to Formosa, Phi- to Texas & Florida; W. 
lippines ; Australia, New Zealand Indies; S. America (2n —30) 


The plant is polymorphous in Americas. The North American plant is often 
referred to var. carolinensis (Michx.) Choisy, and in South America several 
varieties have been recognized. 


Ipomoea pes-caprae (L.) Sweet—/. pes-caprae 


e. Africa ; continental tropical Asia I. pes-caprae 
subsp. brasiliensis (L.) Ooststr. ———————-subsp. brasiliensis 
(var. emarginata Hallier f.) Florida, W. Indies ; S. America 


Malaysia, Indo-China, China, Honshu, 
south to Formosa; Micronesia, New 
Guinea, Bismarck Is., Oceania, 


Australia (coast) 


The Japanese plant belongs to subsp. brasiliensis having smaller flowers, 
although its leaves are sometimes considerably deeply bilobed. A few individuals 
grown from seeds are incidentally found on sandy beaches as far north as in 
prov. Ugo, but they are apparently not hardy in northern Honshu. 


(Lit.) Ooststroom in Blumea 3: 532 (1940), in Fl. Males. 4 (4): 475 (1953). 
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Polemonium coeruleum L.— ——— P. coeritlewm 
n. & c. Europe (2n—18), Caucasus, C. Asia, s. Siberia, Mongol. ?, 
Himalaya?, China? P. coeruleum 
subsp. campanulatum Th. Fries — — subsp. campanulatum subsp. campanulatum 
(subsp. — villosum arctic Siberia (east to Chukch, Alaska, w. Mackenzie dist., N. W. 
Brand, P. acuti- Kamt.), Saghal., n. Kuril. Territories, British Columbia, w. 
florum Willd.) var. laxiflorum (Reg.) Miyabe Alberta 
n. Europe (2n= et Kudo subsp. occidentale (Greene) Davids. 
18) Ochotsk, Manch., Saghal., ,s. Yukon, Alberta, south to Calif. & 
Kuril, n. e. Yezo (Kitami, Ku- Colorado 
shiro) subsp. VanBruntiae (Britt.) Davids. 
var. racemosum (Reg.) Miyabe et Vermont to W. Virginia & Mary- 
Kudo land 


Manch., n. Korea 

subsp. yezoense (Miy. et Kudo) 
Hara!) 

s. w. Yezo (east to Ishikari, 

Tokachi) c. Honshu (alp.) 

subsp. kiushianum (Kit.) Hara? 

Kyushu (mts.) 

As Kitamura has suggested, the Japanese plants approach subsp. cam- 
panulatum (P. acutiflorum), although they have often roundish and obscurely 
ciliolated corolla-lobes and were referred to subsp. vulgare by Davidson. They 
are divided into two groups, i.e. var. laxiflorum and subsp. yezoense in one 
group, and var. racemosum and subsp. kiushianum in the other. 

Var. laxiflorum, the northernmost race in Japan, differs from subsp. cam- 
panulatum mainly by its roundish corolla-lobes and tends to have less pubescent 
and longer acutish calyx-lobes.  Subsp. yezoense has often larger leaflets, 
larger corollae 18-25 mm long with roundish or emarginate lobes, and more 
glabrescent and deeply cleft calyces with acute lanceolate lobes 5-7.5 mm long. 
In central Honshu some specimens have acutish corolla-lobes, while some have 
roundish ones, and they agree well with those from Yezo in the size of corollae, 
calyces and anthers, and also in the shape of disk. 

The plants in the other group have generally denser racemose-paniculate 
inflorescences, smaller corollae 10-15 mm long, and smaller calyces. Subsp. 
kiushianum” has more obtuse corolla-lobes and less pubescent calyces than var.* 
recemosum. 


The races above mentioned are easily recognizable in their typical forms, 


1) Polemonium coeruleum L. subsp. yezoense (Miyabe et Kudo) Hara, stat. nov. 
P. caeruleum subsp. vulgare var. yezoense Miyabe et Kudo in Trans. Sapporo Nat. Hist. 
4: 99 (1913). 
P. yezoense (Miyabe et Kudo) Kitamura in Act. Phyt. Geo. 10: 177 (1941). 
P. nipponicum Kitamura, l. c. 181 (1941). 
subsp. kiushianum (Kitam.) Hara, stat. nov. 
P. kiushianum Kitamura, |. c. 179 (1941). 
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but the differences are not always clear, as the range of variations in each race 
is pretty wide. 

(Lit.) Miyabe et Kudo in Trans. Sapporo Nat. Hist. 4: 101 (1913); Kitamura in Act. Phyt. 
Geo. 10:176 (1941); Hultén, Fl. Alaska 8: 1320 (1948); Hara, Enum. Sperm. Jap. 1: 169 
(1949); Davidson in Univ. Calif. Publ. Bot. 23 (5): 216 (1950); Vassiljev in Not. Syst. Herb. 
Inst. Komarov. 15: 214, map (1953). 


Lithospermum arvense L. a T I ARO 
(Buglossoides arvense (L.) Johnston) 
Europe (2n=24, 28), Asia Minor, Caucasus, s. w. Asia, n. India, 
China, Manch., Korea, Honshu, 
Shikoku, Kyushu (2n=16) 
(Lit.) Hara, Enum. Sperm. Jap. 1: 175 (1949); Johnston in Journ. Arnold Arb. 35: 42 
(1954). 


Lithospermum officinale L.————____LL.. officinale». L. latifolium Michx. 


Europe (2n=28), 
(except the extreme north) 


Asia Minor, Caucasus, Iran, 
C. Asia, Altai 
L. erythrorhizon Sieb. et 


Minn. to New York, south 
to e. Kansus & Tenn. (2n= 


28) 


Luce: 
s. e. Siberia (Dahuria, Amur, 
China, Manch., 
Korea, Yezo, south to Kyu- 
shu (2n=28) 
L. erythrorhizon has stems with + spreading hairs, sometimes broader leaves 


Ussuri), 


(up to 3cm), often larger (6-9 mm in diam.) white corollae with oval spreading 
lobes, and larger fruiting calyces 5-11 mm long. L. officinale has appressed 
strigose stems, corollae 4-6mm long with oblong ascending lobes, and fruiting 
calyces 3-7 mm long, but the plants from Afghanistan and Kashmir are said to 
have spreading hairs. 

(Lit.) Hara, Enum. Sperm. Jap. 1: 176 (1949); Johnston in Journ. Arnold Arb. 33: 341 
(1952). 

M. maritima 

Aleut., Alaska, arctic Canada, 
south to Brit. Columbia & 
Mass. ; Greenland 


—— DS Pa avanca 
Aleut. 


M. maritima 
arctic Siberia 


Chukch) 


Mertensia maritima (L.) S. F. Gray 
n. Europe (2n=24), 
(south to Ireland & Jutland) 


(Gishiga to 


subsp. asiatica Takeda 
(M. asiatica Macbr.) 
e. Siberia (Ochot., 
Kamt.), s. Manch., n. Korea, 
Saghal, Kuril., 
Honshu (coast) 


Ussuri, 


Yezo, n. 


Subsp. asiatica is clearly separated from the typical M. maritima in its 
robust habit, its larger corollae 8-12 mm long, its longer styles 6-9 mm long, 
its shorter and broader filaments, and its roundish leaves, but I treated it as 
a subspecies of M. maritima, because the plant from the Behring Is. shows 
intermediate characters between the two races. As no other race of Mertensia 
has not been known from those islands, the plants there cannot be considered 
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as a natural hybrid between the two races. 

(Lit) Takeda in Journ. Bot. 49: 222 (1911); Macbride in Contr. Gray Herb. n. s. 48: 53 
(1916); Hultén, Fl. Kamt. 4: 85 (1930), Fl. Alaska 9: 1357 (1949); Williams in Ann. Miss. 
Bot. Gard. 24: 26 (1937); Hara, Enum. Sperm. Jap. 1: 177 (1949). 


Myosotis sylvatica (L.) Hoffm. — — M. sylvatica 
Europe (2n—18, 32), Asia Minor, Caucasus, n. iran, C. Asia, Himalaya, 
n. Africa s. Siberia (east to Amur), Mongol., 


China, Manch,, Korea, Saghal, s. 
Kuril., Yezo, n. & c. Honshu (mts.) 


Vestergren recognized several subspecies under M. sylvatica. The East- 
Asiatic material needs further critical studies. 
(Lit.) Hara in Journ. Jap. Bot. 12: 164 (1936), Enum. Sperm. Jap. 1: 179 (1949); Vestergren 
in Ark. f. Bot. 29A (8): 5 (1938). 


Phylla nodiflora (L.) Gzeene—— — ——P. nodiflora Se: P. nodiflora 

(Lippia nodiflora (TOR) Asia Minor, Caucasus, s. w. s. Missouri to Penn., south 
Richard) & s. C. Asia, India, Siam, to Texas & Florida, Mexico, 

s. Europe, indo-China, c. & s. China, C. America, W. Indies, S. 

Africa c. & s. Honshu, south to America 


Formosa; Malaysia, Aust- 

ralia, Melanesia 
The North American plants have generally longer peduncles than the 
Japanese, but it is difñcult to draw a line of demarcation between them. Several 
varieties are recognized especially in South America. 


Verbena officinalis De = = 2 officmmalis 
Europe (2n=14), Asia Minor, Caucasus, s. w. Asia, C. Asia, n. India, 
Africa Siam, Indo-China, China, Korea, 


Honshu, south to Formosa; Australia, 
Polynesia 


The plant is weedy, and the Japanese specimens agree weil with the 
European. 


Elschoitzia ciliata (Th.) Hylander-— —E. ciliata 

(E. Patrini (Lepech.) Garcke) s. Siberia (east to Ussuri, Kamt.), 

e. Europe (Europe Russia), Himalaya, Tibet, China, Manch., 
Korea, s. Kuril., Yezo, south to 


Kyushu, Formosa 


Glechoma hederacea L. G. hederacea 

Europe (2n=(18), 24, 36), n. Asia Minor, Caucasus, s. Siberia (east to 
subsp. hirsuta Hermann Dahuria)J 

(G. hirsuta Wald. et Kitaib.) subsp. grandis (A. Gray) Hara 

s. e. Europe (var. grandis A. Gray, var. longituba 


Nakai) 
(s. e. Siberia (Amur, Ussuri), 
Manch., China, Korea, Yezo, south 
to Kyushu (2n—36), Formosa 
The variations in this species were treated in detail in our paper of 1954. 


The Japanese race, subsp. grandis, has dull leaves, pilose stems and petioles 
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with long and patent hairs, larger flowers of more purple tint, and longer calyx- 
lobes, whereas the typical G. hederacea of Europe has darker green more or 
less lustrous leaves, stems and petioles glabrescent except the barbate node or 
with very short hairs, smaller more bluish flowers less than 2cm long, and 
shorter calyx-lobes. Also the odour of plants is different in the two races. 


(Lit.) Turrill in Rep. Bot. Soc. & Exch. Cl. Brit. Is. 5 (5): 694 (1920); Kuprianova in 
Journ. Bot. URSS. 33 (2): 230 (1948), in Fl. URSS. 20: 437 (1954); Hara, Tanaka & Kuro- 
sawa in Bot. Mag. Tokyo 67: 15 (1954). 


Lamium album L. - 90020022277. 
Europe (2n—18), Caucasus, w. & C. Asia, Himalaya, s. Siberia (east to Dahuria) 
n. Africa var. barbatum (S. et Z.) Fr. & Sav. 


s. e. Siberia (Amur, Ussuri, Kamt.), 

Himalaya ?, Mongol, Manch., 

China, Korea, Saghal. s. Kuril., 

Yezo, south to Kyushu 

The Japanese plant has generally glabrescent leaves with longer petioles, 

pink corollae, and longer setaceous calyx-lobes, but some in the northern 
districts have often white flowers and come nearer to the typical L. album in 
all respects. 


(Lit. Hara in Bot. Mag. Tokyo 51: 88 (1937), Enum. Sperm. Jap. 1: 209 (1949); Gorsch- 
kova in Fl. URSS. 21: 134 (1954). 


Lycopus lucidus Turcz. -- - ---------L. lucidus 

(incl. var. hirtus Regel) var. americanus A. Gray 
s. Siberia (Dahuria, Amur, Ussuri),J (L. asper Greene) 
China, Manch. Korea, Saghal., (c. Alaska, s. British Columbia, to 
Yezo, south to Formosa Manitoba, Michigan, south to 


Calif., Arizona, & Missouri 

Compared with the Japanese plants, the North American ones tend to have 
upper leaves less pointed at both ends and scabro-pilose above, calyx-lobes 
short-cuspidate at the tip, and upper internodes of stems always pubescent. 
The differences, however, are sometimes not distinct. 

The species is pretty variable in East Asia. The typical form from Ircutsk 
has stems hairy only at the node, glabrous leaves except on the midrib beneath, 
and calyx-lobes short-cuspidate at the tip. Some specimens are very robust 
and have long-cuspidate calyx-lobes and some which are referable to var. hirtus 
have pubescent upper stems and pilose upper leaves. 


(Lit.) Hultén, Fl. Alaska 9: 1367 (1949); Hara, Enum. Sperm. Jap. 1: 212 (1949); Fernald, 
Man. 1247 (1950); Volkova in Fl. URSS. 21: 593 (1954). 


Lycopus uniflorus Michx. etaa L. uniflorus 

(L. parviflorus Maxim.) 
s. e. Siberia (Amur, Ussuri, Kamt.)J fc. & s. Alaska to s. Labrador, 
Manch., Korea, Saghal., Yezo, south south to n. Calif. Indiana, N. 
to Kyushu (mts.) Carolina (mts.) 
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Examining numerous specimens both from Japan and North America, I 
agreed with Hultén's opinion that L. wniflorus and L. parviflorus are con- 


specific. 


(Lit.) Hultén, Fl. Kamt. 4: 93 (1930); Hara in Journ. Jap. Bot. 15: 316 (1939), Enum. 
Sperm. Jap. 1: 212 (1949); Volkova in Fl. URSS. 21: 592 (1954). 


Mentha arvensis L. 


M. arvensis 


Europe (2n=12, 60-62, 72, 
(90, 92)), n. Africa 


Caucasus, C. Asia, Siberia 


subsp. piperascens (Malinv.) 


Hara? 
(M. sachalinensis — (Briq.) 

Kudo) 
s. Siberia (Altai to Ussuri), 
China, Manch., Korea, 
Saghal., Kuril., Yezo, south 
TORRE VUS (Ane AS So), 


M. arvensis 
Washington to s. Labrador, 
south to Calif., Kansus, & 
Virginia 
canadensis (L.) 

Hara!) 


subsp. 


(var. villosa Stewart, 
var. glabrata Fernald, 
M. canadensis L.) 


Alaska to Labrador, south 


Formosa to Calif., Arizona, & Virgi- 


nia (2n=54?) 


Although the species is extremely variable especially in the hairiness, the 
East Asiatic plant, compared with European M. arvensis, has usually more 
elongate leaves attenuate to both ends, calyx-lobes subulate at the tip, and con- 
tains a large quantity of menthol and menthone. In the shape of leaves it 
agrees well with North American subsp. canadensis, but the latter has often 
less pointed calyx-lobes, and more villose stems and leaves, and like the Euro- 
pean, contains pulegone instead of menthol. 

The most common form in East Asia has less hairy stems and leaves with 
scattered long hairs, calyces with distinct long white hairs, calyx-lobes ca. Imm 
long with the subulate tip, and glabrous pedicels. But some specimens are 
The typical M. haplocalyx of 
Ceylon has lanceolate leaves 0.8-1.5cm wide shortly pilose above, and pedicels 
with retrorse short hairs, and long pointed calyx-lobes. 

All forms cultivated in Japan for menthol have the chromosome number 
2n=96, while some wild forms in East Asia have 2n=72. 


more hairy and have shortly pilose pedicels. 


(Lit.) Briquet in Bull. Herb. Boiss. 2: 707 (1894); S. R. Stewart in Rhodora 46 : 331 (1944) ; 
Hara, Enum. Sperm. Jap. 1: 213 (1949); Hultén, Fl. Alaska 9: 1368 (1949); Borissova in 
Fl. URSS. 21: 604 (1954). 


1) Mentha arvensis L. subsp. piperascens (Malinv.) Hara, stat. nov. 
M. arvensis vax. piperascens Malinvaud ex Holmes in Pharm. Journ. Lond. ser. 3, 13: 
381 (1882). 
subsp. canadensis (L.) Hara, stat. nov. 
M. canadensis L., Sp. Pl. ed. 1, 577 (1753). 
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Prunella vulgaris L. P. vulgaris 
Europe (2n=28, 32), Asia Minor, Caucasus, n. Iran, India p. 


n. Africa C. Asia, Siberia (Jenisei, Yakutsk) P. vulgaris 
var. aleutica Fernald var. aleutica 
(var. japonica Kudo) Aleut. 
n. e. Siberia (Ussuri, Kamt.), Korea, subsp. lanceolata  (Bart.) 
Kuril, Yezo, n. & c. Honshu (mts.) Hultén 
subsp. asiatica (Nakai) Hara Alaska to Newfld., south to 


s. e. Siberia, China, Manch., Korea, Calif., New Mexico & Florida 
Saghal, Kuril., Yezo, south to (2n—28) 
Formosa (2n—28) 

The species is variable in Asia as well as in Europe and North America 
in the size of plant, leaves, and flowers according to situation, although the 
range of variations is different in each region, and it tends to be gynodioecious. 

As compared with P. vulgaris of Europe, the Japanese race, subsp. asiatica, 
is more robust and hairy in all respects, and its leaves are generally elongate, 
and cuneate at the base, its spikes longer 3-8cm long, its calyces 8-10 mm 
long with lobes more pointed at the tip, its flowers 
15-20 mm long, the upper lip of its corollae more 
strongly galeate with a distinct ridge and setulose 
hairs on the back, and the middle lobe of its 
lower lip is more deeply fimbriate on the margin 
(Fig. 1). Its stems are at least distinctly hairy 
on the angle, and its petioles, its leaves, and its 
floral bracts are also hairy. In having large 
flowers, it looks like rather P. grandiflora Jacq. 

I have observed European P. vulgaris in 
France, Sweden and England, and also cultivated 
it in Tokyo raised from seeds from Poland, France, 
Sweden and England. They are all smaller and 


less hairy than the Japanese race, and their Fig. 1. Corolla and the back 
of upper lip of Prunella 


flowers are smaller, their lower calyx-lobes are 
vulgaris (A), and subsp. 


less pointed, the upper lip of their corollae is DAP M a E 


usually rounded on the back and hairy along the 
midrib only. 

Some small-flowered plants in the mountain district of Honshu and also in 
Yezo approach to the European, but are still nearer to the Japanese in other 
respects. To this form belong var. japonica Kudo, var. aleutica Fernald, and 
var. sibirica Freyn. 

The American race, subsp. lanceolata, is similar to the Japanese in its 
robust habit, its elongate leaves, its larger flowers, and the shape of its upper 
corolla-lip. But its stems and leaves are generally glabrescent, and its leaves 
are often more roundish at the base. Var. hispida Bentham of India and west 
China is more densely villose on stems and leaves than any Japanese specimens. 
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I confirmed that the chromosome number is 2n=28 in all material from 
Yezo, Honshu, Poland, Sweden, France, and east U. S. A. 
(Lit.) Fernald in Rhodora 15: 179 (1913); Nakai in Bot. Mag. Tokyo 44: 19 (1930) ; Lewitsky 
in Journ. Bot. URSS. 1940 (4/5): 292; Bó:her in Dansk Bot. Arkiv 10 (3): 1 (1940), 12 (3): 
6 (1945), in New Phytol. 48: 285 (1949); Hara, Enum. Sperm. Jap. 1: 220 (1949) ; Hultén, Fl. 
Alaska 9: 1364 (1949) 


Scutellaria galericulata L. — S. galericulata; -— S. ealericulata 
Europe (2n—32), Asia Minor, Caucasus, C. Asia, Siberia, var. epilobiifolia  (Ham.) 
n. Africa Kashmir, China? Jordal 
S. yezoensis Kudo (S. epilobiifolia Hamilt.) 
n» China?) Kamt-?'saghal-; O&S. Alaska to Newfld., south to 
Kuril., Yezo, n. Honshu Calif., Arizona, Indiana, & 


N. Carolina (2n —32) 


Scutellaria yezoensis is distinguished from S. galericulata in having more 
densely pubescent stems, leaves, and calyces with strongly upwards curving 
hairs, and larger flowers 2-2.6 cm long. S. galericulata from Europe and North 
America has more or less pubescent stems, underside of leaves, and calyces 
with recurved hairs, and smaller flowers generally less than 2cm long. And 
both species have acutish ovate-lanceolate upper leaves. Whereas S. scordiifolia 
Fischer and its allies, one of which occurs also along sea-coasts of Japan, are 
often low grown, and have smaller, and oblong or elliptic leaves with the 
roundish apex, and with distinctly pitted glands on the under surface, and 
seeds with more coarse roundish tubercles, although they resemble S. yezoensis 
in the mode of pubescence and the size of corollae. In the degree of pubescence, 
however, all these races are highly variable. 


(Lit.) Fernald in Rhodora 23: 8541921), Man. 1221 (1950); Kudo in Journ. Coll. Sci. Univ. 
Tokyo 43 (8): 12 (1921); Epling in Amer. Journ. Bot. 26: 17 (1939); Hara, Enum. Sperm. 
Jap. 1: 230 (1949); Hultén, Fl. Alaska 9: 1363 (1949); Jordal in Rhodora 53: 158 (1951); 
Juzepchuk in Fl. URSS. 20: 90 (1954). 


Thymus Serpyllum L..—— — — o  Serpyllum 

Europe (2n=24), Asia Minor, Caucasus, Siberia 
T. quinquecostatus Celakov. 
Himalaya, China, Manch. 

var. ibukiensis (Kudo) Hara 

(T. japonicus (Hara) Kitagawa) 
n. China, Manch., Korea, Saghal., 
Yezo, south to Kyushu (mts.) (2n — 24) 

A large number of small species have been described from various parts of 
continental Eurasia, and the monographic study on all East Asiatic material 
is much needed. As compared with the typical T. Serpyllum, the Japanese 
plants tend to have broader ovate leaves, and coarser hairs on flowering 
branches which are sometimes goniotrichous-hairy but are sometimes densely 
pubescent with coarse white recurved hairs. But even in Japan they are con- 


siderably variable in the shape of leaves and in the pubescence. Some densely 
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hairy specimens from central Honshu was referred to T. quinquecostatus var. 
canescens (Meyer) Hara which has been known from Ochotsk, Manchuria, and 
Saghalien. T. arcticus Ronn. occurs also in south Greenland. 

(Lit.) Nakai in Bot. Mag. Tokyo 35: 202 (1921); Ronniger in Fedde, Rep. 20: 321 (1924), in 
Act. Hort. Gotob. 9: 99 (1934); Hara in Bot. Mag. Tokyo 51: 145 (1937), Enum. Sperm. 
Jap. 1: 233 (1949) ; Hylander in Uppsala Univ. Arsskr. 1945 (7): 275 (1945); Jalas in Act. Bot. 
Fenn. 39: 1 (1947), in Hereditas 34: 414 (1948); Kitagawa in Journ. Jap. Bot. 27 : 205 (1952) ; 


Kitamura in Act. Phyt. Geo. 14: 118 (1952); Pigott in New Phytol. 53: 470 (1954); Klokov 
in Fl. URSS. 21: 470 (1954). 


Physalis Alkekengi L. — -P. Alkekengi 
€. & s. Europe (2n=24), Asia Minor, Caucasus, n. Iran, C. Asia] 
var. Francheti Hort. 
(P. Francheti Masters, P. glabripes 
; Pojark.) 
fe. & n. China, s. Manch., s. Us- 
suri, Korea, s. Yezo, south to 
Kyushu (nat. ?) (2n—24) 
'The probable history and variations of this plant in East Asia were 
discussed in our paper of 1952. 


(Lit. Hara, Enum. Sperm. Jap. 1: 239 (1949); Hara & Kurosawa in Journ. Jap. Bot. 27: 
249 (1952). 


Limosella aquatica L. — p D N 6) a 

Europe (2n=40), Caucasus, C. Asia, Siberia (east to Ussuri, (var. americana Glück) 

n. Africa (Egypt) Ochotsk, Kamt.), Himalaya, w. Alaska, Athabaska, n. 
Mongol., China, Manch., Keewatin to s. Manitoba & 
Korea, Saghal., Kuril., Yezo, w. Minn., south to Calif., 
c. Honshu (Musashi), Kyushu New Mexico, se. Labrador, 
(Higo) Newfld. ; Greenland 


(Lit.) Glück in Notizbl.. Berlin 12: 74 (1934); Pennell in Monogr. Acad. Nat. Sci. Philad. 
1: 164 (1935); Hara, Enum. Sperm. Jap. 1: 254 (1949). 


Lindernia Pyxidaria I. L. Pyxidaria 

c. & s. Europe, Caucasus, s. w. Asia, C. Asia, s. Siberia (east to 
Ussuri) India, China, Manch., 
Korea, Yezo, south to Formosa; 


Bonin; Malaysia; Polynesia 


(Lit.) Hara, Enum. Sperm. Jap. 1: 256 (1949); Yamazaki in Journ. Jap. Bot. 30: 171 (1955). 


Pedicularis Oederi Vah|———— P. Oeder: P. Oederi 

n. & c. Europe (2n—16), Siberia (east to Chukch, Kamt., e. Aleut., Alaska, Yukon, to 
(south to Alps, Carpathians, Ochotsk), C. Asia, Himalaya, n. Brit. Columbia, Montana 
& n. Balkan) Tibet, Mongol, n. & w. (rare) 


China, Saghal., Kuril., Yezo 
(alp.), ?Honshu (alp.) 
The specimen of Yezo has yellowish corollae 2-2.6 cm long with the reddish 
brown upper part of galea, and slightly hirsute calyces with the small expanded 
serrate tip of lobes. Most of specimens from the eastern part of the range 
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such as Yezo, Kuriles, Kamtchatka, China, and also some from Himalaya have 
serrate calyx-lobes, and are referable to var. sinensis (Maxim.) Hurusawa, or 
partly to var. heteroglossa Prain. A purple-flowered form with serrate calyx- 
lobes was described also from Kuriles as var. yezoana (Nakai) Hurusawa. 


(Lit) Maximowicz in Bull. Acad. Sci. St.-Pét. 32: 618 (1888); Prain in Ann. Bot. Gard. 
Calcutta 3: 181, t. 34 (1890); Hultén, Fl. Kamt. 4: 119 (1930), Fl. Alaska 9: 1411 (1949); 
Hurusawa in Journ. Jap. Bot. 22: 73 (1948); Hara, Enum. Sperm. Jap. 1: 266 (1949); Li in 
Proc. Acad. Nat. Sci. Philad. 101 : 86 (1949) ; Tsoong in Act. Phyt. Sin. 3 (3): 273 & 315 (1954). 


Pedicularis resupinata L..— .— — P. resupinata 

e. Europe (Urals), Siberia (east to Ussuri, Ochostk, Kamt. ), 
Mongol., China, Manch., Korea, 
Saghal., Kuril., Yezo, south to Kyushu 


The species is variable in the hairiness, the shape and size of leaves, and 
also in the shape of rostrum, and several varieties and forms have been 
separated by these characters (cf. Hurusawa’s paper of 1949). The plants from 
the western part of Japan and south Korea have generally broader glabrescent 
opposite leaves, and they are referable to var. oppositifolia Miquel. 


(Lit.) Maxim. in Bull. Acad. Sci. St.-Pét. 24: 70 (1877); Hultén, Fl. Kamt. 4: 120 (1930); 
Hara, Enum. Sperm. Jap. 1: 267 (1949); Li in Proc. Acad. Nat. Sci. Philad. 101 : 49 (1949) ; 
Hurusawa in Journ. Jap. Bot. 22: 180 (1949). 


Pedicularis verticillata L.—— — — — P. verticillata —— — Je summed 
Europe, s. & e. Siberia (east to Aleut., Alaska, Yukon, 
(south to Sierra Nevada, Chukch, Kamt.  Ussuri), Mackenzie 

Alps, & Balkan) Tibet, Mongol, w. & n. 


China, n. Korea, n. Kuril., 
Yezo (alp.), c. Honshu (alp.), 
Formosa (alp.) 

'The Japanese specimens are variable in the size of plant, the dissection of 
leaves, the shape of inflorescences as those from other regions. But some of 
them agree fairy well with the European. 

(Lit.) Hultén, Fl. Kamt. 4: 124 (1930), Fl. Alaska 9: 1418 (1949); Li in Proc. Acad. Nat. 
Sci. Philad. 100: 322 (1948), in Quart. Journ. Taiwan Mus. 3: 79 (1950); Hara, Enum. 
Sperm. Jap. 1: 268 (1949). 


Veronica americana Schwein. —— — — — —V. americana 

e. Siberia (Ussuri, Ochotsk, Aleut., Alaska to Newfld., south 

Kamt.), Saghal., Kuril., Yezo to Mexico, Nebrasca, Tenn. & N. 
Carolina (2n— 36) 


(Lit.) Pennell in Monogr. Acad. Nat. Sci. Philad. 1: 353 (1935); Schlenker in Fedde, Rep. 
Beih. 90: 34 (1936); Hara, Enum. Sperm. Jap. 1: 273 (1949). 


Veronica Anagallis-aquatica LV. Anagallis-aquatica 
Europe (2n=36), Asia Minor, Caucasus, s. w. Asia, C. Asia, Siberia (east 
(except the extreme north); to Dahuria, Mongol, n. & w. 
Africa China, Manch., Korea 


subsp. divaricata Krósche 
(V. undulata Wall.) 
India, China, Korea, Honshu, 
south to Formosa 
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The Japanese plants belong to subsp. divaricata which is separated from 
the typical V. Anagallis-aquatica in having more spreading fruiting pedicels, 
more or less glandular hairy inflorescences, and generally narrower leaves. 
Subsp. divaricata has a more southern range than the typical race, and in East 
Asia both races come into contact in China and Korea. 


(Lit.) Pennell in Monogr. Acad. Nat. Sci. Philad. 1: 362 (1935); Schlenker in Flora N. F. 
30: 310 (1936), in Fedde, Rep. Beih. 90: 8 (1936); Hara, Enum. Sperm. Jap. 1: 273 (1949); 
Li in Proc- Acad. Nat. Sci. Philad. 104: 217 & 218 (1952). 


Veronica didyma Tenore—— — — — — V. didyma 
(V. polita Fries) 
c. & s. Europe (2n=14), Asia Minor, Caucasus, C. Asia, s. w. Asia, 
n. Africa Himalaya, Tibet ?, Mongol.? 
V. caninotesticulata Makino 
China, Korea, Yezo, south to 
Formosa (2n—14) 

Veronica caninotesticulata of East Asia closely resembles V. didyma, but 
its corollae are small and 3-4 mm across, its corolla-lobes roundish and pale 
lilac with darker lilac stripes, and its capsules have 4-7 seeds in each locule. 
It differs distinctly from V. agrestis in having broad ovate leaves with 2-3 
coarse serrations on each side, small pale lilac corollae, broader ovate acutish 
calyx-lobes, capsules densely clothed with short eglandular hairs mixed with 
long glandular hairs, and the chromosome number 2n -— 14. 

(Lit. Rómpp in Fedde, Rep. Beih. 50: 84 (1931); Hara, Enum. Sperm. Jap. 1: 274 (1949). 


Veronica incana L.. — at SW ae: 
e. Europe, C. Asia, Siberia (east to Dahuria, Kolyma, Anadyr), 
(west to Hungary) Mongol., n. Manch., n. Saghal.? 


V. ornata Monjuschko 
w. Honshu (Japan Sea coast) 


Veronica ornata is much more robust in every respect than V. incana. Its 
stems are taller attaining 60cm high sometimes with branched recemes, its 
leaves are more or less oblong always with the depressed serration and up to 
11cm long 2.8cm wide, its calyces about 3mm long with lanceolate lobes, its 
corollae 7-9 mm in diameter, and its capsules 4 mm long. 


(Lit. Monjuschko in Not. Syst. Herb. Hort. Bot. Petrop. 5: 120 (1924); Nakai in Journ. 
Jap. Bot. 19: 90 (1943); Hara, Enum. Sperm. Jap. 1: 278 (1949). 


Veronica peregrina L. V. peregrina 
Korea, Honshu, Kyushu (intr. ?) Minn. to Quebec, south to e. Texas 
& Florida 
var. xalapensis (H. B. K.) Pennell. — — var. xalapensis 
Dahuria?, Ussuri?, China, Manch., Yukon to Quebec, south to Texas 
Korea, Honshu, south to Formosa & Georgia; C. & S. America 


Var. xalapensis with minutely pubescent stems and leaves is a common 
weed in Japan, but the typical glabrous form may be recently introduced to 
East Asia from North America. 
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(Lit. Pennell in Rhodora 23: 18 (1921), in Monogr. Acad. Nat. Sci. Philad.. L: 336, (1935); 
Hara in Journ. Jap. Bot. 18: 466 (1942), Enum. Sperm. Jap. 1: 278 (1949). 


Veronica serpyllifolia L.—— — : V. serpyllifolia 

Europe (2n=14, (28), Asia Minor, Caucasus, Íran, C. Asia, 

n. Africa Siberia (east to Ochotsk, Ussuri) V. serpyllifolia 

subsp. humifusa (Dicks.) Penn.—— subsp. humifusa — SUD S TAMU EUST 

(V. tenella Allioni, e. Siberia (Ochotsk, Kamt.), Aleut., Alaska to Labrador, 

V. humifusa Dicks.) Himalaya, Manch., China, south to Mexico (mts.), Minn. 

n. & c. Europe (2n—14), Korea, Saghal., Kuril., Yezo, & New York; S. America 
n. & c. Honshu (mts.) (Andes) 


(Lit. Hultén, Fl. Kamt. 4: 99 (1930), Fl. Alaska 9: 1379 (1949); Hara in Journ. Jap. Bot. 
18: 465 (1942), Enum. Sperm. Jap. 1: 275 (1949). 


Veronicastrum sibiricum (L.) Pennell------ V. virginicum (L.) Farwell 
s. Siberia (Altai, Dahuria, Amur, (Veronica virginica L.) 
Ussuri), Manch., n. China, Korea) (Manitoba to Vermont, south to 
var. yezoense Hara e. Texas & n. w. Florida 


(Veronica sachalinensis Boriss.) 
Saghal., Yezo, n. Honshu 

var. japonicum (Nakai) Hara 
s. Yezo, Honshu . 

var. australe Yamazaki 

w. Honshu (Yamato), Shikoku, 
Kyushu 

var. Zuccarini (Koidz.) Hara 
Kyushu, s. Korea 


Although variable in the shape and the hairiness of leaves, V. viriginicum 
has generally panicled spikes with glabrous rachis, very short pedicels less than 
Imm long, and white or pinkish corollae with shorter (about 3mm) tube. In 
East Asia the plants have violet or pale violet corollae with often longer tube, 
but are very variable in the hairiness of rachis and leaves, the length of 
pedicels, and the shape of corolla-lobes. The typical V. sibiricum including 
the type in the Linnaean herbarium of London, has often simple spikes with 
glabrous rachis, glabrescent leaves, short pedicels, and acutish corolla-lobes. 
Var. yezoense. is a distinct robust race which has 6-1l-verticillate leaves 
pubescent beneath, densely pubescent rachis, short pedicels, and roundish 
corolla-lobes. But in Japan two slender races having longer pedicels 1-3 mm 
long are common; i.e. var. japonicum with pilose rachis with retrorsely curved 
hairs, and var. australe with glabrous rachis. 


(Lit) Pennell in Monogr. Acad. Nat. Sci. Philadel. 1: 320 (1935); Hara in Journ. Jap. Bot. 
16: 157 & 381 (1940), Enum. Sperm. Jap. 1: 281 (1949); Nakai in Journ. Jap. Bot. 19: 5 
(1943); Yamazaki in Journ. Jap. Bot. 27: 64 (1952). 


Boschniakia rossica (Cham. et Schl.) Fedtsch. B. rossica 

Siberia (Obi R., east to Chukch, Alaska to Great Slave Lake, south 
Amur), n. Korea, Saghal, Kuril., to Vancouver I. & n. e. British 
Yezo, n. & c. Honshu (mts.) Columbia 


In Japan, the species is parasitic on roots of Alnus crispa subsp. Maxi- 
mowicziana growing in the subalpine region, 
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(Lit.) Hultén, Fl. Kamt. 4: 126 (1930), Fl. Alaska 9: 1421 (1949); Hara in Journ. Jap. Bot. 
14: 337 (1938), Enum. Sperm. Jap. 1: 287 (1949). 


Orobanche coerulescens Stephan O. coerulescens 
c. & e. Europe, Caucasus, C. Asia, s. Siberia (east to Amur, Ussuri), 
(west to Germany) Mongol., China, Manch., Korea, 


Yezo, south to Kyushu (2n=38, 
40), Formosa 
This plant is not uncommon on sandy coasts of Japan where it is parasitic 
on Artemisia capillaris or A. littoricola. But it grows rarely on mountains 
parasitic on A. japonica or A. princeps, and was reported under different 
names such as Orobanche nipponica, O. japonensis, and O. akiana. 


(Lit.) G. Beck-Mannagetta in Engl., Pfl.-reich IV-261, Ht. 96: 118 (1930); Hara, Enum. 
Sperm. Jap. 1: 287 (1949). 


Pinguicula villosa L. . — : — P. villosa P. villosa 

n. Europe (Scandinavia, Siberia (east to Chukch, e. Aleut., Alaska, Mackenzie, 

Finland, Kola Penin.) Kamt., Amur), n. Manch., Hudson Bay, south to Van- 
Saghal. (rare) s. Kuril., couver L, Lake Athabasca & 
(Shikotan) Labrador 


P. ramosa Miyoshi 
(P. villosa var. ramosa 'Tamura) 
c. Honshu (Ashio mts.) 


Pinguicula ramosa growing on almost perpendicular cliffs of the Ashio and 
Nikko mountains is clearly distinguished from P. villosa in having often forked 
scapes which are only minutely glandular-hairy (not villose) even in the lower 
part, very elongate fruiting peduncles strongly curving upwards, larger corollae 
10-15 mm long including the spur 6-8mm long and strongly inflated in the 
basal part, deeply cleft calyces, and shorter obcordate capsules. 

(Lit.) Hultén, Fl. Alaska 9: 1422 (1949); Hara, Enum. Sperm. Jap. 1: 290 (1949). 


Pinguicula vulgaris L. P. vulgaris P. vulgaris 

Europe (2n=64), Asia Minor, Siberia (east to Kamt., Aleut., Alaska to s. Baffin, 
(south to n. Spain, Corsica, Ochotsk), n. Mongol, n. Labrador, south to Oregon, 
Balkan) Korea, Saghal., Kuril., Yezo, n. Minn. & n. New Hampshire 


n. & c. Honshu (alp.), Shi- (mts.) ; Greenland 
koku (rare) 


The Japanese plants which have corollae 15-25 mm long including the spur 
7-10mm long, and upper calyx-lobes often deeply 3-cleft into oblong lobes, 
have generally been referred to var. macroceras Herder (P. macroceras Pallas 
ex Link), but it seems to be not clearly separable from the typical European 
form. 

(Lit. Hultén, Fl. Aleut. 302 (1937), Fl. Alaska 9: 1424 (1949); Boivin in Nat. Canad. 75: 
220 (1948); Hara, Enum. Sperm. Jap. 1: 290 (1949). 


Utricularia intermedia Hayne————U.. intermedia U. intermedia 
Europe, Caucasus, Siberia (east to Yakutsk, Alaska to s. Labrador, south 
n. Africa Ussuri, Kamt.), Manch., n. oy wu XO. fes IUD x al 


Korea, Kuril., Yezo, Honshu Delaw.; w. Greenland 
(n. & c. mts., & pov. Aki) 
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(Lit. Hultén, Fl. Alaska 9: 1426 (1949); Hara, Enum. Sperm. Jap. 1: 292 (1949); Tamura 
in Sci. Rep. Osaka Univ. 1: 57 (1952). 


Utricularia minor L. U. minor. U. minor 

Europe (incl. Iceland) Caucasus, C. Asia, Siberia e. Aleut, Alaska to s. 

(2n —ca. 40), (east to Ochotsk, Kamt.), w. Labrador, south to n. Calif., 

n. Africa (Morocco) Himalaya, n. Mongol., n. Ill. & n. New Jersey; 
China?, Manch.?, Korea? Greenland 


U. multispinosa Miki 
(U. minor vax. multispinosa Miki) 
Yezo, Honshu 


The Japanese plant seems to have broader lower lips than U. minor. 


(Lit) Miki in Bot. Mag. Tokyo 48: 337 (1934) Water Phaner. Jap. 113 (1937); Hara, 
Enum. Sperm. Jap. 1: 292 (1949). 


Utricularia’ vulgaris: |; mU Vugar a s U. vulgaris 
Europe (2n=40), Caucasus, C. Asia, Siberia (east to Kamt.), var. americana Gray 
n. Africa n. Mongol. (U. macrorhiza Le Conte) 
U. japonica Makino Alaska to s. Labrador, south 
(U. vulgaris var. japonica to Mexico, Texas & Florida 


Tamura) (2n=40) 
Manch., Korea, Saghal., s. 
Kuril., Yezo, south to Kyushu 


In 1941 Fernald treated the Eurasian and N. Amer- 
ican plants as a single circumboreal species, while 
Hultén regarded the American plant with long & 
slender spurs as a distinct species from U. vulgaris. 

The Japanese plant, U. japonica, resembles U. 
neglecta Lehman in the shape of flowers, and has an 
erect long upper-lip, a broad spreading lower-lip 1.5-2 
cm wide and a long spur 8-10 mm long, and does not 
yield fruits. 

U. tenuicaulis Miki also from Japan has thinner 
stems, scapes without central lacunae, and smaller 
flowers (Fig. 2) with a spur about 5mm long, as 
compared with U. japonica, and produces ripe fruits 
meee RPE ME on recurving pedicels, but it seems not to be specifically 
Front view and side separated from the latter. The range of distribution 
view. xca. 4/3. of each race should be studied carefully. 


Fig. 2. Flowers of 
Utricularia japonica 


(Lit.) Makino in Bot. Mag. Tokyo 28: 28 (1914); Miki in Bot. Mag. Tokyo 49: 850 (1935) ; 
Fernald in Rhodora 43:642 (1941); Hultén, Fl. Alaska 9: 1426 (1949) ; Hara, Enum. Sperm. 
Jap. 1: 292 (1949); Tamura in Sci. Rep. Osaka Univ. 1: 58 (1952). 


1) Utricularia japonica Makino var. tenuicaulis (Miki) Hara, stat. nov. 
U. tenuicaulis Miki in Bot. Mag. Tokyo 49: 847 (1935). 
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Phryma Leptostachya - ---- - - 


var. oblongifolia (Koidz.) Honda 
(var. asiatica Hara, P. oblongifolia 
Koidz.) 
Himalaya, n. Índo-China, Manch., 
Amur, Ussuri, China, Korea, Yezo, 


---- P. Leptostachya L. 


(Manitoba to w. New Brunswick, 
south to e. Texas & Florida (2n= 
28) 

var. confertifolia Fernald 

e. Virginia & Delaw. 


south to Kyushu (2n—28)] 

The East Asiatic plant, although widely separated geographically from the 
American, is not very much differentiated morphologically from the typical P. 
Leptostachya. 
tubes, smaller corollae, and shorter upper calyx-lobes than the American. Both 
in Japan and N. America similar variations in the shape, size, and hairiness 


In general the Japanese plant has less hairy rachis and calyx- 


of leaves are observed, although the Japanese plant seems to show a wider 
range of variations. Leaves vary from lanceolate-oblong to triangular cordate 
by individual. 

A corresponding form to var. confertifolia with leaves crowded in the 
upper part of stems is also found in Japan. Slight differences are recognized 
In the Japanese plant, the upper lip of corolla is distinctly 
bilobed, while in the American one it is usually only emarginate at the tip. The 


melanostachya 


in flowers too. 


rachis of spikes is green in the Japanese plant, but var. 
Kitagawa (1937) was described from Manchuria. 


(Lit.) Holm in Bot. Gaz. 56: 306 (1913); Fernald in Rhodora 37: 442 (1935); Hara, Enum. 
Sperm. Jap. 1: 297 (1949). 


Plantago major L. P. major------------- P. major war. 
Europe (2n—12), Asia Minor, C. Asia, Himalaya, Siberia, Alaska to Newfld., south to 
Africa Tibet, Mongol. (USE AG 
Also subsp. | intermedia P. asiatica L. Also subsp. intermedia. 
Lange (subsp. pleiosperma (P. major var. asiatica Dec.) 
Pilger) s. e. Siberia, Himalaya, 

China, Manch., Korea, 

Sacbal- m seuil Yezos 


south to Formosa (2n=24), 
Bonin, Malaysia 


As compared with European P. major, P. asiatica of Japan has fewer 4- 
6 (8)-seeded capsules, larger seeds generally 1.8-2mm long, often + shortly 
pedicellate flowers, generally more spreading leaves, and the chromosome 
number 2n=24. It is quite glabrous or pubescent on both sides of leaves and 
scapes. 

P. japonica Fr. et Sav. grows near the coast, and it is a robust large plant 
with 10-16-seeded capsules and small seeds 0.8-1.5 mm long. It is noteworthy 
that it includes two cytotypes with different chromosome numbers (2n=12 and 
36). 

This group is highly polymorphous varying easily also by the condition of 
the habitat, and has a strong weedy habit naturalized all over the world. 
Many races have been reported from Asia as well as Europe and North 
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America, and a critical study is needed based on living material. 

(Lit.) Pilger in Notizbl. Berlin-Dahlem 8: 107 (1922), in Engl, Pfl.-reich IV-269, Ht. 102, 
41 (1937); Hisauti in Journ. Jap. Bot. 15: 775 (1939); Hara, Enum. Sperm. Jap. 1E2297 
(1949). 


Galium boreale L. G. boreale -------------- G. boreale 
Europe (2n=44), Asia Minor, Caucasus, C. Asia, Siberia subsp. septentrionale (Roem. 
(east to  Chukch, Kamt., et Sch.) Hara® 


Ussuri), n. Mongol., China Alaska to Quebec (2n=66), 
(2n=66), Manch., Korea, south to n. Calif., Missouri 
Saghal., Kuril., Yezo & New Jersey ; s. Greenland 


The species is very variable in the hairiness of fruits and leaves, and also 
the shape of leaves especially in East Asia. Recently A. & D. Löve divided 
the group into two species mainly based on a difference in their chromosome 
numbers which is strictly associated with ‘the minute morphological charac- 
ters’ according to their study, and referred the East Asiatic plants to G. 
septentrionale of North America. The plants from Yezo, Kuriles, and Saghalien 
have always bristly fruits and hairy nodes. They are, however, hardly dis- 
tinguishable from European G. boreale in the shape of bracts, and the size of 
corollae and fruits, by which characters Lóve separated them from G. boreale. 
The dot in western Honshu on the map (Fig. 1) of Lóve's paper is clearly a 
mistake, as no G. boreale occurs in Honshu, and it may be G. Kinuta Nakai 
et Hara which is quite distinct from G. boreale, and is very common on moun- 
tains of Japan. 

As compared with European G. boreale, some specimens from Yezo, Sagh- 
alien, Kamtchatka, and Korea have broader and longer leaves (attaining 4.5 
cm long 16 mm wide) which are more or less setulose on veins beneath and 
have sometimes 5 veins, and stems bristly on the node, and they have often 
been called as var. kamtschaticum Maxim. Var. latifolium 'Turcz. has also broad 
somewhat oblong leaves, and is less hairy, and a form (var. leiocarpum Nakai) 
with similar broad leaves but with glabrous fruits and leaves occurs in Korea 
and Manchuria. While intermediate forms between those mentioned above and 
G. boreale axe also found here and there in East Asia. 

Although the Japanese plants have not been studied cytologically, it may 
be probable that the East Asiatic plants belong to a different race both from 
the European and the American one, and more than one race is growing in 
East Asia. Chinese material on which Turesson reported the chromosome 
number 2n=66 should be reexamined critically. 

(Lit) Fernald in Rhodora 30: 106 (1928); Hultén, Fl. Kamt. 4: 133 (1930); Nakai in Journ. 


Jap. Bot. 15: 339 (1939); Cufodontis in Oester. Bot. Zeits. 89: 225 (1940); Hara, Enum. 
Sperm. Jap. 2: 5 (1952); Lóve, A. & D. in Amer. Midl. Nat. 52: 88 (1954). 


1) Galium boreale L. subsp. septentrionale (Roem. et Schul.) Hara, stat. nov. 
G. septentrionale Roemer et Schultes, Syst. Veg. 3: 253 (1818). 
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Galium kamtschaticum Steller G. kamtschaticum 
(with var. acutifolium Hara) Aleut., s. Alaska, south to n. 
e. Siberia (Ochotsk, Kamt.), Korea, Washingt.] (Lake Superior] (New- 
Secale, Ural, cZo En CN C. fld. south to New York 
Honshu (mts.), Shikoku (mts.) G. oreganum (Pip.) Britton 
Washington & Oregon 
The Japanese specimens are variable in the shape and the hairiness of 
leaves, and var. acutifolium Hara with acutish glabrescent leaves prevails in 
southern localities. Except the Alaskan plants, the North American ones are 
generally less hairy than the typical form. G. oreganum has leaves usually 
with the acute apex, and larger fruits 2-2.5 mm long. 
(Lit.) Takeda in Bot. Mag. Tokyo 24: 65 (1910); Fernald in Rhodora 35: 309 (1933); Hara 


in Bot. Mag. Tokyo 51: 641 (1937) ; Hultén, Fl. Aleut. 306 (1937), Fl. Alaska 9: 1437 (1949); 
Hara, Enum. Sperm. Jap. 2: 6 (1952). 


Galium odoratum (L.) ScopoliL— — —  — ——G. odoratum 
(Asperula odorata L.) 
Europe (2n—44), Asia Minor, Caucasus, n. lran, n. Afghan., n. India, 
n. Africa s. w. Siberia (Altai, w. Sayan)) (s. 
Ussuri, Korea (incl. Dagelet), Saghal., s. 
Kuril, Yezo, Honshu (mts.) 
The Japanese specimens, although widely separated geographically, agree 
well with the European ones. 


(Lit.) Hara, Enum. Sperm. Jap. 2: 2 (1952). 


Galium trifidum L.— — — — — — — —G. trifidum G. trifidum 
n. & e. Europe (2n—24), Caucasus, Siberia, n. Mongol., Alaska to Maine, south to 
Manch. Colorado, Indiana & New 
York x 
var. brevipedunculatum Regel —— — —- var. brevipedunculatum 
(var. pacificum Wieg., subsp. Alaska to Newfld., south to 
columbianum Hult.) Calif. & New York 
e. Siberia (Ussuri, Ochotsk, subsp. tinctorium (L.) Hara 
Kamt.) Korea,  Saghal., (G. tinctorium L., G. trifidum 
Kuril, Yezo, south to Kyu- var. tinctorium Torr. et Gray) 
shu, Formosa N. Dakota to s. Labrador, south 
to Texas, Missouri & N. 
Carolina 


G. trifidum, in its typical form, is a slender plant with small (+1 cm long) 
spathulate-linear leaves in 4’s, and arcuate filiform retrorsely scabrous 1 (2)- 
flowered pedicels. In East Asia and North America, there occurs a race which 
tends to have a little more robust habit, often shorter glabrous or slightly 
scabrous 2-3-flowered pedicels, and larger leaves often 5-6 in the upper whorls. 

Subsp. tinctorium is clearly distinguished from the typical G. trifidum by 
having robust habit, leaves generally in 5 or 6's, short straight glabrous 
pedicels, and 3-rayed bracteate umbels, but the two races are connected through 
var. brevipedunculatum by a series of intermediate forms. 
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(Lit.) Wiegand in Bull. Torrey Bot. Cl. 24: 399 (1897) ; Fernald in Rhodora 39: 320 (1937) ; 
Hultén, Fl. Aleut. 307 (1937), Fl. Alaska 9: 1437 (1949); Hara in Rhodora 41: 387 (1939), 
Enum. Sperm. Jap. 2: 11 (1952). 


Galium triflorum Michx.————G.._triflorwum : G. triflorum 
n. & c. Europe (south to Siberia (east to Ussuri, (inel: ^ var. asprelliforme 
Alps) Kamt.) | Saghal, ^ Kuril., Fern.) 
A Yezo.?, c. Honshu (prov. Aleut., Alaska to s. Labrador, 
Shinano, mts.) P south to Calif., Texas & n. 
G. trifloriforme Komarov Florida; Mexico; s. w. 
(incl. var. nipponicum Nakai) Greenland 


c. China, Manch., - Korea, 
Saghal., c. & s. Kuril., Yezo, 
south to Kyushu (mts. ) 


G. trifloriforme common in mountain districts of Japan is easily distingui- 
shed from G. triflorum in having always erect stems, terminal (in appearance) 
inflorescences, and bristles of fruits more strongly hooked at the apex. The 
shape of its leaves is variable as in G. triflorum, and var. nipponicum with 
acute lanceolate leaves occurs commonly in more southern localities. True G. 
triflorum is vary rare in Japan. 


(Lit.) Hultén, Fl. Kamt. 4: 138 (1930), Fl. Alaska 9: 1441 (1949); Fernald in Rhodora 35: 
309 (1933), 37: 446 (1935); Hara, Enum. Sperm. Jap. 2: 11 & 12 (1952). 


Galium verum L. — — —G. verum 
Europe (2n—22, 44), Asia Minor, Caucasus, s. w. Asia, C. Asia, 
n. Africa Siberia, n. India, Mongol. (2n— 


44) China, Manch., Korea, Yezo, 
Honshu, Shikoku (2n=44), Kyushu 
var. trachycarpum DC.——var. trachycarpum 
(G. ruthenicum. Willd.) 


e. Europe (2n=22, 44), Caucasus, Siberia (east to Ussuri, Kamt., 
subsp. Wirtgeni (Schul.) Oborny Ochotsk), n. China, Manch., 
(subsp. praecox Petrak) Korea, Saghal., Kuril., Yezo, 
Europe (2n=22, (44)) Honshu 

It is very interesting that a main race in middle and northern Japan has 
white flowers and bristly fruits, and it looks like rather G. Mollugo of Europe 
than G. verum in general appearance. This Japanese race (var. lacteum Maxim.) 
has often longer leaves 2-4.5cm long 1-2.5(4)mm wide, long internodes (3) 5- 
llcm long and almost white flowers at anthesis 2.5-3.5 mm in diameter. The 
degree of hairiness, however, is exceedingly variable, and the extreme specimen 
is densely pubescent throughout even on the upper surface of leaves and the 
outer side of corollae. 

A race with yellow flowers and hairy ovaries occurs occasionally in Hon- 
shu, Yezo and Saghalien, and a colour form with light greenish yellow flowers 
is sometimes found, although it cannot be considered as a hybrid with other 


species. The similar variation in the degree of hairiness is also observed among 
plants with yellow flowers. 
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Galium verum with deep yellow flowers and glabrous ovaries is very local 
in Japan (var. asiaticum Nakai). And in the alpine region of Honshu and Yezo 
there occurs very rarely var. japonalpinum Nakai with short small inflores- 
cences, comparatively long leaves, longer pedicels, larger yellow flowers, and 
glabrous ovaries. The plants (var. nikkoense Nakai) with white flowers and 
glabrous ovaries grow here and there in Yezo, Honshu, and Kyushu. 


(Lit.) Nakai in Bot. Mag. Tokyo 34: 50 (1920), in Journ. Jap. Bot. 15: 342 (1939); Hylander 
in Uppsala Univ. Arsskr. 1945 (7): 304 (1945); Hara, Enum. Sperm. Jap. 2: 12 (1952). 


Mitchella repens ---------------- M. repens L. 
subsp. undulata (S. et Z.) Hara!) (Minn., Ontario to s. w. Newfld., 
Yezo, Honshu, Shikoku & Kyushu south to Texas & Florida (2n=22); 
(south to Amami-Oshima); n. Mexico 


Formosa; s. Korea (incl. Dagelet)) 

The Japanese plant is quite glabrous throughout and tends to have deltoid- 
ovate leaves often with the acutish tip, whereas the American one is minutely 
hairy along the upper ridges of petioles and the sutural lines of stems and 
has roundish ovate leaves. In both regions, however, the shape and the size of 
leaves are pretty variable. Specimens from Mexico, e. Texas, and Oklahoma 
have often acutish leaves similar to those from northern Japan in shape. In 
Japan, specimens from the Tóhoku and Hokuriku districts have sometimes 
larger leaves 2-3cm long, and those from higher mountains of Shikoku and 
Kyushu, especially from Is. Yakushima, have small ovate acutish leaves about 
5 mm long and 2-4 mm wide (var. minor Masamune). The size of flowers and 
berries seems to be variable too in both regions. 

(Lit.) Hara, Enum. Sperm. Jap. 2: 22 (1952). 


Linnaea borealis L..—— .—.— Z. borealis L. borealis 

n. & c. Europe (2n—32), Caucasus, Siberia (east to Ussuri, Aleut., Alaska, Yukon 

(south to Pyrenees, Alps) Kamt., Chukch), n. Mongol., var. americana (Forbes) 
Manch., n. China, n. Korea, Rehder 
Saghal., Kuril, Yezo, n. & (subsp. americana Hultén) 
c. Honshu (alp.) Alaska to Labrador & New- 


fld. south to n. Calif.?, 
Colorado, Iowa & Maryland 
(2n—32); s. w. Greenland 
subsp.  longiflora  (Torr.) 

Hultén 
s. e. Alaska to n. Calif. & 
Idaho 


In Japan the species is very local mostly in subalpine coniferous forests. 
The Japanese specimens agree well with the typical European L. borealis, and 


1) Mitchella repens L. subsp. undulata (Sieb. et Zucc.) Hara, stat. nov. 
M. undulata Sieb. et Zucc. in Abh. Akad. Wiss. Muench. 4 (3): 175 (1846). 
M. repens var. undulata (S. et Z.) Makino in Bot. Mag. Tokyo 23: 69 (1909). 
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have generally shorter corolla-lobes. Var. americana differs from the typical 
race only in having longer corolla with a tube as long as the calyx, but subsp. 
longiflora is more distinctly recognized by its elliptic acute leaves, its long 
narrow corollae with a longer tube, and its longer calyx-lobes 3-5 mm long. 


(Lit) Wittrock in Act. Hort. Berg. 4 (7): 1 (1907); Fernald in Rhodora 24: 210 (1922); 
Hultén, Fl. Aleut. 309 (1937), Fl. Alaska 9: 1446 (1949); Hara, Enum. Sperm. Jap. 2: 37 
(1952). 


K 


Lonicera alpigena L. -------------- L: alpigena 
c. Europe (2n=18), Altai?J var. phaeantha Rehder 
(Pyrenees to Carpathian, n. Balkan) (China (Shensi) 
var. Glehni (Schm.) Nakai 
(L. Glehni Fr. Schm.) 
(Saghal., s. Kuril., Yezo, n. Honshu 
(mts.) (2n=18) 
var. viridissima Nakai” 
(L. Watanabeana Makino) 
c. Honshu (Akaishi Mts., subalp.) 


Compared with L. alpigena of Europe, var. Glehni has greenish yellow 
corollae and yellow anthers. But as var. Glehni is also variable in the shape 
and the hairiness of leaves, it is difficult to find stable characters by which 
the variety is separated from L. alpigena. Var. Glehni has generally leaves 
pubescent on the lower surface, but a few specimens from Yezo have young 
branches, petioles, leaves beneath, and peduncles densely pubescent with patent 
hairs mixed with glandular ones, while others have glabrous young branches 
and peduncles, and almost glabrous leaves except the margin. 

Var. viridissima has generally thin oblong leaves with the long cuspidate 
tip, and its flowers are reddish brown according to a collector. 


(Lit.) Rehder, Synop. Lonic. 105 (1903); Nakai in Journ. Coll. Sci. Tokyo Univ. 42(2): 96 
(1921); Hara, Enum. Sperm. Jap. 2: 41 (1952); Momiyama in Journ. Jap. Bot. 29: 60 (1954). 


Lonicera caerulea L. -- ------- L. caerulea vaxs.- m L. villosa (Michx.) Roem. 

n. & c. Europe (2n—18), Caucasus, C. Asia, Siberia, n. et Schult. 

(south to Pyrenees, Mongol.) (Manitoba to Labrador, south 

Alps, Balkan) subsp. edulis (Turcz.) Hult. to Minn., Mich. & Penn. (2n 
s. e. Siberia (Dahuria to Ussuri, E590) 


Ochot., Kamt.), w. & n. China, 
Manch., n. Korea, Saghal., 
Kuril., Yezo, n. & c. Honshu 
(mts. ) 
The East Asiatic plants as well as the Siberian and the N. American, are 
exceedingly variable in the degree of hairiness, and the shape of leaves and 
fruits, but in Japan berries are always sweet and good to eat. The variations 


1) Lonicera alpigena var. viridissima Nakai, in sched. 


L. Watanabeana var. viridissima Nakai in Journ. Coll. Sci. Tokyo Univ. 42 (2): 100 
(1921). 
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in hairiness of the Japanese varieties were summarized in my paper of 1937, 
and var. emphyllocalyx (Maxim.) Nakai is nearest to European L. coerulea in 
hairiness. The typical subsp. edulis which is common in eastern Yezo, Kuriles, 
and Saghalien has densely villose branches and leaves, oblong leaves, hairy 
corollae, and elliptic berries, whereas var. venulosa (Maxim.) Rehder rarely 
found from Yezo and north Honshu has glabrescent branches and leaves, and 
glabrous calyces and corollae, although there are various transitional forms 
between them. 


(Lit. Rehder, Synop. Lonic. 67 (1903); Nakai, Tr. & Shr. Jap. ed. 2, 1: 661 (1927); Fernald 
in Rhodora 27: 1 (1927); Hultén, Fl. Kamt. 4: 144 (1930); Hara in Bot. Mag. Tokyo 51: 
842 (1937), Enum. Sperm. Jap. 2: 38 (1952); Rehder, Man. Cult. Tr. & Shr. ed. 2, 858 
(1940.) 


Sambucus racemosa L.--------- S. racemosa - ------------ S. recemosa 

c. Europe (2n=36) subsp. sibirica (Nakai) Hara? subsp. pubens Hultén 
(south to Pyrenees, n. Italy, (S. sibirica Nakai) (S. pubens Michx.) 
Balkan ; east to s. w. Poland (e. Russia (Viatka, Urals), (e. Aleut., s. Alaska, to New- 
& Odessa)) s. Siberia, n. Mongol. fld., south to Calif., Colorado, 


subsp. kamtschatica (Wolf) n. Indiana, n. Georgia & 
Hultén New Jersey (2n=36) 
Saghal.?, Kamt.) 
var. Miquelii Nakai 
(S. Buergeriana Bl. ex Nakai) 
s. e. Siberia, Saghal, s. 
Kuril, Yezo (2n=38), Korea 
subsp. Sieboldiana  (Miq.) 
Hara!) 
(S. Sieboldiana Bl.) 
s. e. Siberia?, China, Manch., 
Korea, Yezo, south to Kyushu 
Sambucus Sieboldiana of Japan is clearly distinguished from S. racemosa of 
Europe in having thicker more or less corky bark usually longitudinally fissured, 
leaflets light green beneath and often + pilose and finely serrate, often loose 
panicles with longer branches, smaller flowers and fruits 3-4mm in diameter, 
dark red stigmas, and small ovate or elliptic seeds 1.6-2.5 x 1.2-1.8 mm in size. 
While European S. racemosa has glabrous leaves with 1-2 pairs of leflets whitish 
beneath and coarsely serrate, compact inflorescences, whitish stigmas, larger 
fruits 4.5-6.5 mm in diameter, and larger oblong seeds (2.6) 3-3.8 x 1.5-1.8 (2.3) 
mm.in size (cf. Fig. 3). 
'This group, however, is very variable in East Asia especially in the shape 
and the size of leaflets and inflorescences, and the degree of pubescence, and 


1) Sambucus racemosa subsp. sibirica (Nakai) Hara, stat. nov. 
S. racemosa subsp. pubescens. Schwerin (1909), p. p. 
S. sibirica Nakai in Bot. Mag. Tokyo 40: 478 (1926). 
subsp. Sieboldiana (Miq.) Hara, stat. nov. 
S. racemosa var. f. Sieboldiana Miquel, Ann. Mus. Lugd.-Bat. 2: 265 (1866). 


L 
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more than 10 small species have been described from there. 

A common form of S. Sieboldiana in Japan has minutely papillose inflo- 
rescences, and leaves on flowering branches sparsely hairy above with 2-3 pairs 
of leaflets closely and finely serrate on the margin and nearly symmetrical at 


the base. But a quite glabrous form (f. glaberrima Hara) is often found mainly 
on the southern 


lowland, and its 
leaves on sterile 
shoots have 4-6 
pairs: of leaflets. 
On the contrary, to 
the north the plants 
tend to have larger 
and broader leaflets 
sometimes more 
hairy. Var. Miquelii 
Fig. 3. Seeds of Sambucus racemosa (A), and subsp. Siebol- (Nakai) growing in 

diana (B). Xca. 2. Yezo, Saghalien, 
and Korea has generally more hairy larger leaflets with coarse teeth and oblique 
base, hairy inflorescences with pointed elongate papillae, and fruits and seeds 
sometimes as large as those of N. American S. pubens. A race (S. micro- 
sperma Nakai) on higher mountains of Honshu is a low shrub, and has inflo- 
rescences with often ascending branches. Although pretty variable as mentioned 
above, all plants from Honshu have small fruits with small seeds, and always 
dark red stigmas (except in a yellow-fruited form). 

S. sibirica Nakai seems to be more or less intermediate between S. recemosa 
and S. Sieboldiana in having hairy branches and leaflets which are oblong and 
sometimes caudate at the apex, and somewhat compact inflorescences. S. 
kamtschatica E. Wolf from Kamtchatka also closely resembles broad-leaved 
form of var. Miquelii Nakai except denticulate petals. 

On the other hand, S. pubens of North America also shows intermediate 
characters between S. racemosa and S. Sieboldiana in several respects. Its 
fruits are 4-5 (6) mm in diameter and its seeds are elliptic and 2.5-3x1.2-1.8 
mm in size. It differs from S. racemosa mainly by thairy young branches and 
leaves, and more open larger inflorescences, and from S. Sieboldiana by whitish 
stigmas, and slightly larger fruits. S. pubens becomes often glabrescent chiefly 
in its southern localities. To the north-west, it seems to turn into S. Sieboldiana 
var. Miquelii cf north-east Asia. 

When the two extremes, typical S. racemosd and S. Sieboldiana, are com- 
pared, they look quite different. S. Sieboldiana, however, is connected with 
S. pubens through var. Miquelii, and on the other hand it passes into S. 
racemosa through S. sibirica, and it is difficult to draw a distinct line of 
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demarcation between them, especially in the herbarium material. To establish 
a satisfactory classification of the S. racemosa group, we have to examine 
ample material, especially from Siberia. 

(Lit.) Schwerin in Mitt. Deuts. Dendr. Ges. 18: 192 (1909), 29: 223 (1920) ; Nakai in Bot. Mag. 
Tokyo 31: 210 (1917), 40: 473 (1926), Tr. & Shr. Jap. ed. 2, 1: 575 (1927); E. Wolf in Mitt. 
Deuts. Dendr. Ges. 33: 24 & 32 (1923); Hultén, Fl. Kamt. 4: 139 (1930), Fl. Aleut. 308 
(1937), Fl. Alaska 9: 1441 (1949); Fernald in Rhodora 35: 310(1933); Rehder, Man. Cult. 
Tr. & Shr. ed. 2, 829 (1940); Hara in Journ. Jap. Bot. 26: 280 (1951), Enum. Sperm. Jap. 
2: 51 (1952). 


Viburnum Opulus L.— VEO D Ius otis cerai V. trilobum Marsh. 


Europe (2n=18), Asia Minor, Caucasus, C. Asia, s. w. 
n. Africa Siberia, n. Mongol. ? 


var.  calvescens — (Rehd.) 


Brit. Columbia to Newfld., 
south to Oregon, Indiana & 
Penn. (2n=18) 


Hara! 
(V. Sargenti Koehne) 
s. e. Siberia, China, Manch., 
Korea, Saghal, s. Kuril, 
Yezo, Honshu, Kyushu 


Var. calvescens differs from V. Opulus in having thick slightly corky bark 
and purple anthers, and often thicker and larger leaves with an elongate 
entire middle lobe. It is very variable in the degree of hairiness on branches, 
leaves, and inflorescences. 


(Lit.) Rehder in Mitt. Deuts. Dendr. Ges. 12: 125 (1903), Man. Cult. Tr. & Shr. ed. 2, 842 
(1940); Takeda in Bot. Mag. Tokyo 25: 25 (1911); Fernald in Rhodora 43: 481 (1941); Hara, 
Enum. Sperm. Jap. 2: 60 (1952). 


Adoxa Moschatellina L. ~~~ A. Moschatellina 
Europe (2n—36), Asia Minor, Caucasus, Kashmir, Himalaya, 
Siberia (east to Ussuri, 
Ochotsk), Tyanshan, n. 
Mongol., Manch., n. China, 
Korea, Saghal., s. Kuril. 
var. japonica Hara” 
Yezo (2n=54), Honshu (west 
to Kinki distr.) (2n=45, 54) 


A. Moschatellina 
Alaska, Yukon to Manitoba, 
south to Utah, New Mexico, 
Iowa & New York 


The Japanese plants belong to different genetical units (cytotypes) having 
higher chromosome numbers than A. Moschatellina of Europe. They are 
hardly distinguishable from the European by outer morphological characters, 
and their subterranean stolons with bulbils well develop and their fruits 


scarcely produce ripe seeds. I have tentatively referred them to var. inodora 


1) Viburnum Opulus L. var. calvescens (Rehd.) Hara, comb. nov. 

V. Sargenti var. calvescens Rehder in Mitt. Deuts. Dendr. Ges. 12: 125 (1903). 
2) Adoxa Moschatellina var. japonica Hara, var. nov. 

Stolones subterranei bulbiferi bene evoluti. Fructu raro maturi. Numero chromosomo 
2n=45 (vel 54). 


Typus. Honshu. Prov. Musashi: circ. Asakawa (H. Hara, Apr. 16, 1950 in TI). 
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Falconer ex Clarke which was based on an abnormal specimen from Himalaya, 
but as the Japanese plants have similar smell to the European, I give them 
here a new varietal name to avoid confusion. In Japan too, anomalous forms 
with 4 or 6 corolla-lobes and 8 or 11 stamens in lateral flowers, and 5 styles 
in terminal flowers are rarely found. As no cytological data from other 
districts of Asia is available, I cannot state the exact distribution of var. japonica. 


(Lit. Hultén, Fl. Alaska 9: 1450 (1949); Porsild in, Nat. Mus. Canada Bulle 121: 292 (9515 
Hara, Enum. Sperm. Jap. 2: 69 (1952), in Journ. Jap. Bot. 27: 312 (1952). 


Valeriana officinalis L.— ————— V. officinalis 
Europe (2n=14, 28, 56), n. Asia Minor, Caucasus, C. Asia, 
Siberia 
V. sambucifolia Mikan — — ———— — V. sambucifolia «A V. sitchensis Bong. 
(V. excelsa auct.) s. Siberia Alaska to Mackenzie, south 
Europe (2n=(14), 42, 56), var. Fauriei (Briq.) Hara to Oregon & Idaho 


(V. Fauriei Briq.) 
China, Manch., Korea, 
Saghal., s. Kuril., Yezo, south 
to Kyushu (2n-ca. 70, 98, 
ined.), Formosa 
The plant has been known as a very polymorphous group morphologically 
and cytologically. Even in Europe its taxonomic treatment differs by authors, 
and many smallspecies have been described from Europe as well as from Asia. 
The typical form of Valeriana officinalis has generally been interpreted 
by Scandinavian botanists to have stem-leaves with 6-11 pairs of leaflets of 
almost equal size, small flowers about 3mm long, and to produce sometimes 
short stolons. From it, the Japanese plants (Valeriana Fauriei)which are the 
easternmost race of this group in Eurasia are clearly separable by having 
stem-leaves with only 2-3 (4) pairs of leaflets which are generally glabrescent 
and coarsely incised-serrate, terminal leaflets especially of lower leaves much 
larger than the lateral leaflets, larger flowers 4-5 (6)mm long, and well de- 
veloped long subterraneous stolons. Their stems are glabrescent or hairy in 
the lower part; their roots spreading; their basal leaves simple or trifoliate; 
their inflorescences glabrous except for the barbate node; their bracts linear- 
lanceolate and glabrous or sometimes ciliate; and their fruits ovate-oblong, 
3-4mm long, and glabrous. And they are higher polyploid, and according to 
the study by S. Kurosawa, the plant collected on Mt. Kawara-dake of north 
Kyushu has 2n=ca. 70 chromosomes, and that on Mt. Ashitaka of central Hon- 
shu seems to have ca. 98 chromosomes. Also their essential oil contains Kessyl 
alcohol which is not present in that of European V. officinalis. V. Fauriei 
comes rather near to V. sambucifolia of Europe, although not exactly identical. 
The specimens from Amur, Ussuri, and Manchuria show wider variations 
than those from Japan in the hairiness, and in the number and the shape of 
leaflets. A form with hairy fruits which in other respects agrees well with 
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the Japanese occurs in Korea. V. degeletiana? of Degelet Is. is a quite glabrous 
robust form. Others from north Korea, Manchuria, and north China have 
stem-leaves often with 3-5 pairs of leaflets, and sometimes pubescent stems and 
fruits too. The plant from Saghalien has stem-leaves with 4-7 pairs of leaflets 
which are pubescent beneath, but has glabrous fruits. V. amurensis P. Smirnov 
of Amur, Ussuri and Korea is easily recognizable in having densely glandular- 
pubescent upper part of stems, inflorescences, and bracts, but it well agrees 
with the Japanese in other characters, and may properly be considered as a 
race of V. Fauriei.? 

So far as the material at my disposal is concerned, at least all plants 
reported from East Asia under the following names seem to be conspecific: 
Valeriana Fauriei Briquet (1914), V. coreana Briquet (1914), V. japonica Nakai 
(1932), V. chinensis Kreyer (1932), V. amurensis P. Smirnov (1932), V. degeletiana 
Nakai (1933), V. tianschanica Kreyer (1934) V. nipponica Nakai (1938), V. 
leiocarpa Kitagawa (1941). 

Moreover it is difficalt to draw a line of demarcation between the East 
Asiatic plants mentioned above and V. sambucifolia of Europe. So I dare to 
regard them as races of V. sambucifolia of Europe, although I have not ex- 
amined enough material from Siberia especially of V. heterophylla Turcz. and 
V. dubia Bunge which may be important to solve this problem. 

V. Fauriei is also near to V. sitchensis of western North America but the 
latter has larger flowers (5-9 mm long) and fruits (5-6 mm long), and larger 
roundish terminal leaflets of lower leaves. 

It is interesting that in the British Isles two intersterile races with 2n — 28 
and 56 chromosomes cannot be discriminated by outer morphological characters 
which are variable and are not correlated with one another. 


(Lit. Herder in Bull. Soc. Nat. Moscou 37 (1): 228 (1864), 56 (1): 178 (1881); Kreyer in 
Bull. App. Bot. Gen. Pl.-Breed. 23: 3 (1930); Handel-Mazzetti in Act. Hort. Gotob. 9: 175 
(1934); Runquist in Hereditas 23: 279 (1937); Hara in Journ. Jap. Bot. 17: 123 (1941), Enum. 
Sperm. Jap. 2: 72 (1952); Sprague in Proc. Linn. Soc. Sess. 155: 93 (1944), in Watsonia 2 
(2): 145 (1952) ; Maillefer in Mém. Soc. Vaud. Sci. Nat. 8 (6) : 277 (1946) ; Skalinska in Journ. 
Linn. Soc. 53: 159 (1947), in. Act. Soc. Bot. Polon. 20: 61 (1950); Cervenka in Preslia 27: 
234 (1955). 


1) Veleriana sambucifolia Mikan var. Fauriei (Briq.) Hara, stat. nov. 
V. officinalis a. angustifolia Miq., Ann. 3: 114 in nota (1867) ; non var. angustifolia Rgl. 
V. officinalis B. latifolia Miq. l. c. (1867) ; non var. /atifolia Vahl. 
V. Fauriei Briquet in Ann. Cons. Jard. Bot. Genéve 17: 327 (1914). 
f. degeletiana (Nakai) Hara, stat. nov. 
V. dageletiana Nakai ex F. Maekawa in Bot. Mag. Tokyo 47: 618 (1933). 
var. dasycarpa (Hara) Hara, comb. nov. 
V. Fauriei var. dasycarpa Hara in Journ. Jap. Bot. 17: 126 (1941). 
var. Sachalinensis (Hara) Hara, comb. nov. 
V. Fauriei var. sachalinensis Hara in Journ. Jap. Bot. 17: 126 (1941). 
subsp. amurensis (P. Smirn.) Hara, stat. nov. 
V. amurensis P. Smirnov ex Komarov in Bull. Jard. Bot. Acad. Sci. URSS. 30: 214 (1932). 
f. leiocarpa (Hara) Hara, comb. nov. 
V. amurensis f. leiocarpa Hara in Journ. Jap. Bot. 17: 127 (1941). 
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Campanula glomerata L. C. glomerata 
Europe (2n —30, 34, 68), Asia Minor, Caucasus, n. Iran, C. Asia, n. Mongol., 
s. Siberia (east to Ussuri, Ochotsk), 


Manch., Korea, Kyushu (mts., rare) 
The plants are very local on central mountains of Kyushu. The East 
Asiatic plants (var. dahurica Fischer) are said to have taller stems 40-130 cm 
high and larger corollae 2-3.3cm long compared with the European ones, but 


these distinctions are not clear. 
(Lit.) Kitamura in Act. Phy. Geo. 11: 134 (1942); Hara, Enum. Sperm. Jap. 2: 94 (1952). 


Campanula lasiocarpa Cham. C. lasiocarpa 
e. Siberia (Ochotsk, Kamt., Anadyr), Aleut., Alaska to Mackenzie, south 
Sasha Euri Yezo oa ie: to Brit. Columbia & w. Alberta 
Honshu (alp.) 
(Lit.) Hultén, Fl. Aleut. 312 (1937), Fl. Alaska 9: 1457 (1949); Porsild in Nat. Mus. Canada 
Bull. 121: 294 (1951); Hara, Enum. Sperm. Jap. 2: 95 (1952). 


Supplementary notes. 

1) Lathyrus palustris L. (cf. Part 1, p. 80). 

This circumboreal plant was recently divided by such authors as Hultén, 
Komarov, Litvinov, Hara, Fedtschenko, Lóve into two major races: one is 
glabrous L. palustris ranging from Europe to western Asia, and mainly eastern 
North America; the other is hairy subsp. pilosus Hultén (or L. pilosus Cham.) 
occuring in eastern Asia and chiefly northern North America. Within these 
two races, similar variations in the shape of leaflets are observed—a common 
form (var. pseudo-myrtifolius Kudo) of East Asia with narrowly oblong or 
lanceolate leaflets corresponds to the main form of L. palustris of Europe and 
also to var. macranthus Fernald of N. America; subsp. pilosus var. pilosus of 
East Asia with somewhat linear leaflets corresponds to var. linearifolius 
Seringe; and f. Miyabei (Matsum.) Hara of East Asia with elliptic broad 
leaflets corresponds to var. latifolius Lambertye of Europe—all of these being 
connected by intermediate forms. 

Although all the specimens from Japan belong to subsp. pilosus, they are 
considerably variable in the degree of hairiness and the shape of leaflets and 
stipules, as noted by Printz regarding his Asiatic material They are less 
hairy than the typical pilosus from Kamtchatka, and have generally pubescent 
young stems, the underside of leaves, peduncles, calyces, and ovaries, but a 
very few have glabrous inflorescences, and are slightly hairy only in very 
young parts. The cytological examination by Dr. N. Tanaka and S. Kurosawa 
in 1953, however, revealed that the plant collected from the Oga Peninsula of 
north Honshu is hexaploid with 2n—42 chromosomes (Fig. 4). Thus in this 
respect it agrees with glabrous L. palustris (2n=42) of Europe, and differs 
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from the Canadian plant with 2n — 14 chromosomes which was referred to subsp. 
pilosus. 'This material from the Oga Peninsula has narrowly oblong leaflets 2-5 
cm long 5-14 mm wide which are sparsely pubescent beneath, and has pubescent 
young stems, peduncles, calyces, and ovaries. It is certainly referable to var. 
pseudo-myrtifolius Kudo (—L. ugoensis Matsumura) described from Japan, but 
it is inseparable by outer morphological characters also from var. macranthus 
Fernald of North America. 


Fig. 4. Somatic chromosomes of Fig. 5. Somatic chromosomes (pro- 
Lathyrus palustris war. pseudo- metaphase) of Lythrum Salicaria from 
myrtifolius from Oga. Xca. 2000. Karuizawa. xca. 4710. 


But at present it is still very doubtful if the typical Lathyrus pilosus 
from Kamtchatka is diploid and if var. macranthus from N. America is 
hexaploid, or if two chromosome races occur in East Asia and North Amer- 


ica. It is noteworthy that Lathyrus quinquenervius (Miq.) Litvinov of temperate 
East Asia which is allied to L. pilosus is triploid (2n=21). 


(Lit.) Printz, Veg. Siber.-Mongol. Front. 313 (1921); Hara in Journ. Jap. Bot. 19: 296 
(1943); Fedtschenko in Fl. URSS. 13: 502 (1948); Hitchcock in Univ. Washingt. Publ. Biol. 
15: 13 (1952); Lóve in Svensk Bot. Tidskr. 48: 226 (1954). 


2) Lythrum Salicaria L. (cf. Part 1, p. 86). 

As I have mentioned before, the species is represented in Japan by two 
distinct races. One is subsp. anceps (Koehne) Hara which is glabrous through- 
out, and has loose interrupted inflorescences, narrow often shorter and less 
pointed leaves, spreading appendages of calyx 1-1.5 (2) mm long, and leaves 
and floral bracts more or less cuneate at the base, and it is endemic to Japan 
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and Korea. It somewhat resembles Lythrum virgatum L. of Europe, but has 
longer appendages of calyx similar to those of L. Salicaria. The other with 
pubescent denser inflorescences, and leaves and bracts cordate at the base, has 
been referred to true L. Salicaria. Now it became clear according to the study 
of Dr. N. Tanaka in 1954 that this latter form collected from Karuizawa of 
central Honshu has 2n=30 chromosomes (Fig. 5) like subsp. anceps, whereas 
European L. Salicaria is higher polyploid with 50 or 60 chromosomes. 

In East Asia too, L. Salicaria is very variable especially in the hairiness, 
and it is difficult to separate the East Asiatic plants from the European by 
constant morphological characters, although the Japanese ones tend to be less 
hairy and have narrower leaves. 'The most remarkable race among them is 
subsp. intermedium (Ledeb.) Hara? which is nearly glabrous and has narrow 
lanceolate leaves and bracts cordate at the base, and glabrous calyces, and it 
occurs in Korea, Manchuria, and southern Siberia. It passes, however, gradually 
into more hairy L. Salicaria through many transitional forms in East Asia. 
Also an intermediate form between subsp. anceps and L. Salicaria is rarely 
found in Japan. It may be assumed that this group evolved in the following 


order. 
Lythrum Salicaria L. Salicaria L. Salicaria L. Salicaria 
subsp. anceps (2n—30) subsp. intermedium (a Japanese race) (2n=50, 60) 


! S 
L. virgatum (2n=30) (2n=30) 


The total area of L. Salicaria is divided into two separate parts by a wide 
gap around the Lake Baical. It is not clear whether all East Asiatic plants 
belong to one chromosome race, but it is possible that subsp. intermedium has 
also 2n=30 chromosomes. 


(Lit. Koehne in Engl., Pfl.-reich IV-216, Ht. 17: 73 (1903); Schoch-Bodmer in Pfl.-areale 4 
(3): 29 (1935); Muravbeva in Fl. URSS. 15: 548 (1949); Hara, Enum. Sperm. Jap. 3: 245 
(1954) 


3) Rosa suavis Willd. (cf. Part 1, p. 72). 

According to Nakai’s opinion, I adopted Rosa suavis Willd. (1813) for R. 
acicularis Lindley (1820) before. In 1953 I could see two photographs of the 
type specimen of R. suavis in Herbarium Willdenow at Berlin-Dahlem by the 
courtesy of Dr. H. Sleumer. 'The specimen may be one of perplexing roses of 
hybrid origin as suggested by Crépin, and its exact identity is difficult to 
establish at present. So I should like to use Rosa acicularis Lindley which 
was certainly described from the Siberian plant. (To be continued) 


Botanical Institute, Faculty of Science, 
University of Tokyo 


1) Lythrum Salicaria L. subsp. intermedium (Ledeb.) Hara, stat. nov. 
L. intermedium Ledeb. ex Colla, Herb. Pedem. 2: 399 (1834). L. Salicaria var. a. glabrum 
Ledeb. (1843). L. Salicaria var. gracilior "Turcz. (1844). 
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1. Funnel-shaped ‘‘G”’’ leaf-class 

Ginkgo has sometimes several peculiar forms in its leaves; for example, 
seed-bearing habit (Ohatsuki phenomena) and funnel-shaped leaves. Concern- 
ing the latter phenomena, Sahni (1933), Miyazawa (1933), and Watari (1936) 
dealt with it interpreting as epiaschidium, which was not rare in its examples. 
While the writer took a different consideration, which he named the leaf-class 
concept and laboured to establish G leaf-class in the so-called leaf-flower- 
complex of the genus. Therefore, the funnel-shaped leaf has been received by 
the writer as the expansion of a stele in which every meristele continued to 
divide through repeated dichotomy, keeping the primary relations as a whole. 

Now the writer collected by chance some materials decisively favoured to 
his concept. A leaf which is treated in the following items, has been found 
from the shoot of one of Ginkgo tree in an avenue of Tokyo, and instead of 
his eager efforts in several times, no fur ther material has been obtained. 

The material was photographed (Fig. 1-2) and then microtomized to trace 
bundles along with its total length. It measured ca. 83mm long, upper part 
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of which ca. 30mm made two long narrow funnels and fused together ca. 4/5 
in its lower part. 

At the base, the bundles run 
in two as in ordinary pattern 
(Figs. 3-6). The petiole is lunar 
shape in section with somewhat 
plane surface in its ventral side. 
About 1/3 upper the base, one of 
the bundles divides into two 
dichotomously, soon later fol- 
lowed by the same action in the 
other bundle (Figs. 8-9, 22-25). 
The ventral surface arises to two 
ridges, which are situated along 
submedian line, then arched out 
to edge in both sides leaving a 
somewhat large groove in front 


2j p 9 (Fig. 9). Soon later, in the later- 
Figs. 1-2. Ventral view of a funnel-shaped al outer sides of petiole in lunar 
leaf of Ginkgo found in Tokyo. Slightly H i 
reduced in fig. 1 and nearly natural size in form, swellings of tissue occur 
fg 12i Maekawa) (Figs. 10-11) The bundles in 


these areas are already arranged in semi-circle, facing their xylem part to 
the inner side of the tissue (Figs. 11, 24 & 25). This pattern clearly indicates 
that the increase of the leaf volume is induced by the swollen mass of the 
parts which situated intramarginally, but not by the fusion of revolving 
margin itself. 

'The lamina stretches laterally (Fig. 12) dividing functionally in two parts. 
The one becomes flattened and sooner or later diminishes out, but the other 
differentiates again into two subparts (Figs. 12-15). These subparts become 
round with a cavity in center respectively, and gradually increase their size. 
These are two funnel parts. Bundles increase in their number by dichotomous 
divisions and all of them arrange in a circle, facing their xylem parts towards 
the cavity center (Figs. 16-21). 

The writer has accepted formerly the strong remaining of dichotomous 
tendency in the short branch system. In long shoot, although some deviations 
make its acceptance difficult in some degree, the dichotomy also cleary 
remains. The two bundles of leaf, formed by the second dichotomy, combine 
in set to inlay themselves between the both ends of C-form bundle circle of 
the shoot, leaving a gap in each side between the end or marginal meristem 
and themselves. It seems that these two gaps mean the remnant of the 


clevage of the first dichotomy, which formerly separates main axis into two 
daughter branches. 
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In this example, the half of the leaf becomes two funnels (Fig. 27, G), 
while in Miyazawa's cases (Fig. 27, D), total mass has been turned into two 
funnels. The former means the success only in the two halves of the third 
dichotomous branches and the latter, total success in the second dichotomy. 
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Figs. 3-6. Successive sections from base upwards in the funnel- 
shaped leaf in figs. 1-2. Leaf in front into which two bundles run 
normally from the shoot. x ca. 15-18 (Maekawa) 
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Figs. 7-15. Continuation upwards of the same leaf. 7. The part of lunar form. 
8. Third dichotomous division in right half; the first division in leafy part concerned. 
Also in fig. 22. 9. The next third dichotomy in the left half (fig. 23 is the same in detail). 
10. Beginning of the swelling of lateral mesophylls. 11. Further swelling of the same 
mesophylls in two parts. Each has four bundles respectively. Details also shown in 
figs. 24-25. 12-13. Constitution of semicircular arrangement of bundles in the right half. 
14. Diminishing of left half. In the right half, one of central cavities begins to start. 
15. Origin of two funnel cavities in the right. All same in scale, xca. 70. (Maekawa) 
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Two pocket case described by Sahni is perphaps in the same stage comparable 
to the latter, but is slightly disorganised by the shallowness of, and the fusion 
of two funnels. More common one-cupped funnel leaves, described by Sahhi 
(1933), Watari (1936) and Maekawa (1948, '52) (Fig. 27 B) are the result of the 
first dichotomy. Furthermore, Sahni described from Himalayan town an ex- 
ample with two processes in the dorsal side at the base of the funnel (Fig. 27, F). 
This may be interpreted as the result of third dichotomy, in which some 
modifications occurred; that is the ventral two quadrants combine into one 
funnel but the remained two in dorsal in horn-shaped processes. Fig. 27, E, 
another example discovered also by Sahni, seems in sure, to be the enation of 


19 up 20 ` ue Q^ 2}. 
Figs. 16-21. The same, continued in upper part. 16. Right half in two funnels. 
The upper right corner enlarged in fig. 26, showing bundle orientation. 17. Maximum 


portion of funnels. 16-17 xca. 70. 18. The same reduced. 19-21. breakdown one of fun- 
nels. 18-21 xca. 35. 
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lamina, judging from the orientation of bundles in the inner funnel, which is 
inverted compared with that of the outer one. 

From these evidences, the Ginkgo leaf in funnel-shape has potentially the 
dichotomy, which may be figured diagramatically in Fig. 27, H, resulting four 
funnels situated side by side in a group. 


Figs. 22-26. Bundles in funnels in Ginkgo xca. 200. 22. Third dichotomy in the 
left half. (The first one in leafy part concerned). Corresponds to fig. 8. 23. The next 
divison of bundles, seen in left half, corresponding to fig. 9. 24-25. Semicircular formation 
in bundle arrangement. All of them have xylem facing toward center respectively. These 


correspond to fig. 11. 26. Thin wall of the funnel, in the part of i 
ap Ne p upper right corner of 
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Fig. 27. Several types of funnel in Ginkgo. All drawn diagrammatically. Upper 
lows indicate their ventral view, except fig. F which shows two dorsal appendages. 
Lower lows show the arrangement and orientation of bundles in cross section, respecti- 
vely. Black area indicates xylem part, white, phloem. Broken line represents hollow 
cavity. A. Normal pattern in fan shape. B. Cup-shaped funnel. C. Two-pocket case 
by Sahni. D. Two funnels, the case of Miyazawa. E. Hose in hose reported by Sahni. 
F. Two horn-shaped processes in dorsal side, also by Sahni. G. Left hand two funnels 
by the writer in this report. H. Funnels grouped in quadrant, potentially expected 
form. (Maekawa) 


The mechanism of the funnel-formation can be analysed into following 
two major components. The one is the locking of the gap in the leaf after 
the dichotomous division, and the second is the development of mesophyll, i. e. 
mesophyllization. When the shoots might have already medullated stele, they 
divide in dichotomous pattern followed by the quick recovery of stem tendency, 
resulting two daughter shoots, with no sign of mesophyllization. In this case, 
we can not find any of leaf establishment. In the other hand, after the 
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dichotomous division, when the delay of the locking of the gap in either of the 
two divided members occurs, that member may be accompanied by the sooner 
mesophyllization and the result of 
these events is the establishment of 
one kind of the leaf, foliage phase of 
G leaf-class. The funnel formation 
does not belong to any of these two. 
It is characterized by the re-occur- 
rence of the locking of gap (recovery 
of stem tendency) even after the be- 
ginning of the mesophyllization. In 
other words, funnel-formation is the 
synthetic result of stem tendency ac- 
cerelated by mesophyllization. It may 
be regarded phylogenetically a tran- 
sitional form prior to the establishment 
of foliage leaf-phase in G leaf-class. 

2. New  leaf-class, “A” in 

conifers. 

In the previous paper, the writer 
suggested this leaf-class but did not 
enter into details. Now he intends to 
define it as follows. “A” leaf-class 
is prosperous in conifers usually in 
aciculate foliage phase, often in scaly. 
It seems natural to receive it as the 
result of combination of two members 
of S leaf-class. The evidences to these 
interpretations can be as follows. 


| P 1) Bifurcated scaly leaves in Le- 
Fig. 28. Induced 6-phyllous verticil- ^ 
late phyllotaxis in Hydrangea niferous Era. Bifurcation is the re- 
macrophylla ssp. serrata. (Maekawa) 


bachia and Ernestiodendron in Carbo- 


mnant of fused leaves. 

2) No existence of axillary concatenation in old conifers. This indicates 
that branch system was still independent with leaves and suggests that the 
leaves did not belong to F or G. In recent conifers leaves without axillary 
bud are still remain abundantly and even forcively. The axillary bud in 
conifers may be compared with the one in Equisetum, which inserted to the 
jointing point of two S leaf-classes. 

3) Existence of parenchyma between two meristeles of leaves. Parallel 
courses by two members of the bundles in the leaves are distinct in several 
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genera, Abies, Picea, Larix, Pinus, Tsuga, etc. This suggest the fusing of 
two independent scaly members of S leaf-class. 

Scales which are bearing anthers in male flower of. conifers may not be 
S", but surely “E”, as same as in Equisetum. 

Therefore, the writer adds the following class Coniferariae among 
Stelopsida. 

3. Phyllogenetic sequence in phyllotaxis. 

a) Verticillate as older pattern. The occurrences of triphyllous verticillate 
among opposite-leaved species are often observed in many species. The 
writer considers that these phenomena contains two different phylogenetic 
significances. The one is the atavism of older tri- or multifoliolated verticil- 
late phyllotaxis and often the clue to phylogenetic researches (Juniperus 
among opposite-leaved Cupressaceae). Metasequoia has distinct opposite 
leaves and is unique in Taxodiaceae in this point. ín some cases, (for example, 
the figure of cone, described and drawn in Dr. Hu and al.’s original report), 
The cone scales increase in some cycles from two to three, and result some 
irregularity in scale arragement. Stern’s interpretation about this arrange- 
ment seems to be somewhat rigid and lacks adptability than the writer,s in- 
interpretation. 

'The other is the secondary induced verticillate. It is chiefly derived from 
the abbreviated arrangement of the preceeding phyllotaxis. One of re- 
markable examples is the opposite phyllotaxis in Broussonetia papyrifera 
induced from alternate one. Another example is the case found by the writer 
on Hydrangea branch. At Noto peninsula, a form of H. macropylla Seringe 
ssp. serrata are often met with in sea cliffs and shores. In one of them, the 
stout branchs have changed to triphyllous verticillate and moreover, by the 
very nearer successive formation of leaf primordias, the following arrangement 
is induced in the twice increasement of leaf members to each node. The 
sequence is again accerrelated in the following pattern (Fig. 28) 

Opposite — 3-phyllous verticillate—(abbreviation of internode) — 6-phyllous 
verticillate 

b) Spiroscalate pattern in opposite phyllotaxis. By the law of alterna- 
tion, the right angle is usually pointed out as the crossing angle between two 
succeeding sets of leaves. The writer already pointed out the presence of 
the exception in Gymnospermae (Torreya, Cephalotaxus etc.) and named spiro- 
scalate, in which opposite sets of leaves crossed by the angles 30°-60°. Now, 
this pattern is considered as the preceeding stage in the phyllotactic phylogeny 
(deccusate pattern) as it is significant that it is also detected in the second 
set of scaly S-leaf class in the axillary buds of Zelkovaserrata. 

The followings are the examples, with some additions by newly obtained 


ones, 
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Fab. i 
Plant names Remarks Angles Authors 
Torreya nucifera S. et Z. all over branches 30-60° Maekawa 1948 
Cephalotaxus drupacea S. et Z. Hu 7 "H 
Amentotaxus argoteania Pilg. y 7 ye 3S 
Podocarpus macrophyllus Don 3-4 nodes in seedling 609 Yanagita 1935 
var. Maki 
Zelkova serrata Makino the second set of scales dl Maekawa 1949 
in axillary bud 
Fagus crenata Bl. y Hu Furuya 1953 
Glycine Max Merr. var. Kuro- the third node of seed- — 20-40? Maekawa 1955 
kurakakemame Mak. ling 
Buddleja insignis Carr. 3-4 nodes in seedling 609 Yanagita 1935 


c) New addition to orixate phyllotaxis. This is very distinct as the 
transitional phase from opposite to alternate and the examples in their ap- 
pearance by scaly leaves in bud are often met with (Furuya, 1953). The fol- 
lowings represent this type, normally arranged through the whole phyllotaxis 
in the branches. 


Tab. 2 

Plant names Remarks Authors 
Orixa japonica Thunb. Maekawa 1948 
Lagerstroemia indica L. 7 
L. Fauriei Makino distinct in shoots Maekawa 
Berchemiella berchemiaefolia Nakai Maekawa 1948 
Hovenia dulcis 'Thunb. Maekawa et Horiuchi 
Frangula crenata Miq. Maekawa 
F. Alnus Hill Schoute 1938 
F. Purshiana Cooper Maekawa 
Rhamnus costata Maxim. Maekawa 


R. imeretina Booth 


Detected by Maekawa in Bot. Mag. 
(1883) 


Rhamnella franguloides Weber. Maekawa 

Cinnamomum pedunculata Miq. Maekawa 

C. Loureirii Nees Maekawa 

Austrobaileya perianth Detected by Maekawa in Bailey & 
Swamy 1949 

Terminalia chebula Retz. rarely occurs Maekawa 


d) Opposite primary leaves. In tribe Phaseoleae, Leguminosae, the 
characters of primary leaves (first foliage leaves in this case) have attended 
attentions of some botanists in the view of phylogenetical weight (Wassil- 
tschencko, 1937, Maekawa, 1947, 1955). Beside this tribe, some interest examples 
can be seen both in the remaining major part of Leguminosae and the other 
families. The author enumerates them as follows. They are distributed in 
53 families, 83 genera and 265 species including a few varieties. 

Under the light of leaf-class concept, they never belong to a homologous 
type or group, but the detailed disccussions will be arranged in future. 
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Tab. 3. List of plants with opposite primary leaves, excluding those having normally op- 


posite phyllotaxis 


Plant name 


Remarks 


Gymnospermae 
Taxaceae 

Taxus brevifolia Nuttall 

T. cuspidata S. et Z. 
Taxodiaceae 

Cunninghamia lanceolata Hook. 

Cryptomeria japonica D. Don 
Sciadopitidaceae 

Sciadopitys verticillata S. et Z. 
Pinaceae 

Tsuga Sieboldi Carr. 

T. diversifolia Mast. 

Angiospermae 
Salicaceae 

Salix alba L. 

Populus spp. 
Myricaceae 

Myrica cerifera L. 

M. rubra S. et Z. 


Fagaceae 
Lithocarpus edulis Nakai 
Castanopsis cuspidata Schottky 
Quercus spp. 
Q. suber L. 
Q. phillyraeoides A. Gray 


Q. crispula Bl. 


Q. serrata Thanb. 


Q. gilva Bl. 


Cyclobalanopsis 
Oerst. 


C.acuta Oerst. 
C. glauca Shottsky 


C.  paucidentata 
Masam. 


C. Miyagii Kudo et Masam 
Castanea crenata S. et Z. 


myrsinaefolia 


Kudo et 


Fagus crenata Bl 
F. japonica Maxim. 
F. sylvatica L. 


DE ODIT SUL. opposite arrangement 
** Y... Yanagita (1928-1940) 


Authors 


op.* in leaves nos. 3-4, 5-6, 7-8 


triphyllous verticillate 


triphyllous verticillate 
triphyllous verticillate 


distinct serrations 


often also op. in 3-4; distinct 
serrations in margin 


scaly, 1-2, 3-4, etc in sets 
scaly 

often whorled in 2-5 

scaly, subopp. in 3-4, 5-6 
scaly, sometimes op. in 3-4; 
5-6, foliage laeves and op. 
scaly, 3-4 often op. 


1-2, also 3-4, often to 5-6, 7-8, 
9-10 all in orixate 


scaly, also op. in 3-4 


1-2, 3-4 also often in 5-6, 7-8 
all in orixate 


scaly. 3-4 in foliage, alternate 


also op. in 3-4 
also op. in 3-4 
often op. in 3-4 


also op. in 3-4 


scaly, orixate, also the same in 
in 3-4 


Yanagita** 


Y ce 
x 
Y; Maekawa 
X. 
Ye. 
WA 


Velenovsky (1907) 
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Ulmaceae 

Aphananthe aspera Planch. 
Celtis jessoensis Koidz. 

C. caucasica Hohen. 

C. Tatarinowii Maxim. 
Ulmus Davidiana Pl. var. 

japonica Nakai 
U. parvifolia Jack. 


U. americana L. 
Zelkova serrata Mak. 


Trema amboinensis L. 


Moraceae 
Fatoua villosa Nakai 


Broussonetia papyrifera L. Herit. 


B. Sieboldi Bl. 

Morus acidosa Griffith 

Ficus retusa L. 
Urticaceae 

Laportea canadensis Wedd. 

Parietaria pennsylvanica Muhl. 
Eucommiaceae 

Eucommia ulmoides Oliver 


Proteaceae 

Helicia cochinchinensis Lour. 
Olacaceae 

Schoefia jasminodora S. et Z. 


Chenopodiaceae 

Cycloloma atriplicifolium Coult. 

Atriplex patula L. 

Chenopodium album L. 

C. ficifolium Willd. 

C. glaucum L. 

C. capitatum Aschers. 

C. hybridum L. var. giganto- 
spermum Rouleau 


Monoleis Nuttalliana Greene 


Salsola Kali L. var. tenuifolia 
Tausch 


Corispermum hyssopifolium L. 
Berberidaceae 

Nandina domestica Thunb. 
Schisandraceae 

Schisandra nigra Maxim. 
Winteraceae 


Illicium Anisatum L. 


also op. in 3-4, 5-6, 7-8 


same to the above 
op. in 3-4 


also op. in 3-4, combined in 
whorl with primary leaves 


3-4, 5-6, orixate. Often 1-2 
orixate and following leaves 
alternate 


often op. in 3-4 


also in one case, 3-cotyledons 
and 3-primary leaves 


scaly 


ca. 50% alternate in primary 
leaves 


subop. 

1-2, 3-4, 5-6 all in subop. 
almost op. 

3-4 orixate 

seemingly op. 

seemingly op. 

seemingly op. 


1-2, 3-4 falsley op. 


1-2, 3-4 etc falsely op. 
3-foliolate, almost in op. 
nearly op. 


scaly, also op. in 3-4 (scaly) 
and 5-6 (foliage) 


Journ. Agr. Res. 


(1944) 
Y ; Maekawa 


Kummer (1951) 
Kummer (1951) 


Maekawa 


Kummer (1951) 
K. 

K; Maekawa 
Maekawa 

K. 

K. 

K. 


ame 


Journ. Fac. Sci. Univ. Tokyo, III, vol. 6 (8) 1956 


Lauraceae 


Parabenzoin trilobum Nakai 


Capparidaceae 


Cleome serrulata Pursh 


Polanisia trachysperma ‘Torr. 
et Gray 


Crataeva religiosa Forst. f. 


Cruciferae 


Lepidium campestre R. Br. 

L. virginicum L. 

Capsella Bursa-pastoris Medik 
Descurania Sophia Webb. 
Cardaria draba Desv. 

Thlaspi arvense L. 

Brassica hirta Moench 


B. kaber L. C. Wheeler var. 
pinnatifida L. C. Wheeler 


Erysimum cheiranthoides L. 


Hamamelidaceae 


Disanthus cercidifolius Maxim 


Rosaceae 


Kerria japonica DC. 
Prunus donarium Sieb. 
P. yedoensis Matsum. 


P. Itosakura Sieb. var. ascendens 
Makino 


. nipponica Matsum. 

nipp. var. kurilensis Miyabe 
. incisa Thunb. 

campanulata Maxim. 
Dippeliana Miq. 

Ssiori Fr. Schm. 

Grayana Maxim. 

. Buergeriana Miq. 

Padus L. 

Maximowiczii Rupr. 


R e e R ee: E E 


. tomentosa Thunb. 
Micromeles alnifolia Koehne 
M. japonica Koehne 


Sorbus commixta Hedlund 


Eriobotrya joponica Lindl. 


Rhaphiolepis umbellata Mak. 


R. um..var. Mertensii Makino 


Leguminosae 


Acacia sect. Gummiferae 
Acacia Senegal Willd. 
A. Farnesiana Willd. 

A. confusa Merrill 


scaly, often orixate in 3-4 


1-2, 3-4 etc all nearly op. 
nearly op. 


scaly, subop. 3-4, foliage leaves 
also in the same manner 


nearly op. 
nearly op. 
nearly op. also in 3-4 


3-4, 5-6 also in op. 
falsely op. 

nearly op. 

1-2, 3-4 all falsely op. 


subop. 


also 3-4 nearly op. 


also 3-4 nearly op. 


also op. in 3-4 
also op. in 3-4 
also op. in 3-4 
op. in 3-4, too 


nearly op. The first leaf is 
simple but the second, 3- 
foliolate 


scaly, alternate, but 3-4, foliage 
and subop. 


scaly 


1-8, scaly alternate but 9-10 
foliage type and op. 


simply pinnate 
simply pinnate, nearly op. 


op. between a scaly leaf and 
a simply pinnate leaf 
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Pithecolobium sp. 

Albizzia Lebbec Benth. 
Adenanthera sp. 

Entada (Pusaetha) spp. 
Hymenaea Courbaril L. 
Tamarindus sp. 

Caesalpinia Sappan L. 

C. Bonducella Flemming 

C. sepiaria Roxb. var. japonica 


Mak. 


Ceratonia sitiqua L. 
Sophora tetraptera J. Mill. 
S. chrysophylla Seem. 
Cladrastis shikokiana Mak. 
Maackia amurensis Rupr. 


M. Tashiroi Makino 


M. floribunda Takeda var. pubes- 
cens Koidz. 

Myroxylon (Toruifera) spp. 

Ormosia emarginata 

Lupinus albus L. 

Pultenaea sp. 

Dorycnium herbaceum Vill. 

Psoralea bituminosa L. 


P. argophylla Pursh 


Amorpha fruticosa L. 
Indigofera pseudo-tinctoria 
Matsum. 


I. Gerardiana R. Grah. 


Colutea istria Mill. 
Coronilla varia L. 
C. scorpioides Kitaibel 


Desmodium caudatum DC. 
D. illinoense Gray 
D. canadense DC. 


D. racemosum DC. 

D. polycarpum DC. 
Lespedeza bicolor Turcz. 
L. Buergeri Miq. 

L. virgata DC. 

L. cuneata G. Don 

. Davidii Franch. 


peo 


tomentosa Sieb. 


simple leaves or simply pinnate 


bi-pinnate often subop. 
simply pinnate 
slightly alternate between a 


scaly leaf and a simply pinnate 
leaf 


scaly 


simple leaves 

simple leaves 

sometimes subalternate 

simple leaves, also often op. 
in 3-4 


simple leaves 


simple leaves, stipules in 4 
5-foliolate leaves 


3 or 5-foliolate, often alternate 
simple leaves 


simple leaves, often united with 
the base of stipules 


simple leaves subop. in 1-4 orixate? 


simple leaves 


simple leaves, 3 (3-foliolate) 
and 4 (5-foliolate) are in 
orixate arrangement 

simple leaves in orixate 

nearly op. trifoliolate 

simple leaves 


simple leaves, stipule 4 

simple leaves 

simple leaves, also 
simple and op. ; 

farthermore, in 
and op. 


in 3-4 


5-6 


simple 
simple leaves, stipules 4 
simple leaves, stipules 4 
simple leaves, stipules 4 
simple leaves 
simple leaves 
simple leaves, 4 stipules 
simple leaves, 4 stipules 


simple leaves, 3 (simple) and 
4 (compound) nearly in set 


sagang 
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L. pilosa S. et Z. 


Kummerowia striata Schindl. 
K. stipulacea Nakai 
Scorpiurus vermiculata L. 
Dalbergieae 


Pongamia glabra Vent. 


Phaseoleae 


Clitoria ternatea L. 


Glycine Max Merrill 


C. Max var. Kurokurakake- 
müme Mak. 


Pueraria hirsuta DC. 


Rhynchosia phaseoloides DC. 


R. acuminatifolia Makino 


R. caribaea Benth. 


Stizolobium Hassjo Piper 
Dumasia truncata S. et Z. 


Dolichos Lablab L. 


D. lignosus Jacq. 


Amphicarpaea Edgeworhtii var. 
japonica Oliver 


Canavalia gladiata DC. 
Vigna Catiang Endl. 

V. leucomeles 

V. unguiculata Walp. 

Rudua radiata (L.) F. Maekawa 


Azukia angularis Ohwi 
A. umbellata Ohwi 
A. Mungo (L.) F. Maekawa 


Strophostyles acutifolius Small 
Phaseolus vulgaris L. 


P. multigaris Lamprecht 
P. multiflorus Willd. 


simple leaves, 3 (simple) and 
4 (compound) nearly in set 


simple leaves, stipules 2 
simple leaves, stipules 2 
simple leaves nearly op. 


almost all the genera 
opposite primary leaves 


with 


scaly, subop. leaf no. 3 foliage 
and alternate 


almost all the genera with 
simple and opposite primary 
leaves 


simple leaves in sessile, linear 
stipules 4 


simple leaves, 4-stipules 


simple leaves, 4-stipules, also 
3-4 in opposite and spiro- 
scalate pattern between pri- 
mary leaves ; compound leaves 


simple leaves 
3-4, 5-6 often orixate 
simple leaves, 4 stipules 


simple leaves, 4 stipules often 


alternate rarely lower one 


disappeared 


simple ieavvs, stipules 2 but 
deeply cleft 


simple leaves, 4 stipules 


simple leaves often alternate 
rarely one of them disap- 
peared 


simple leaves, stipules 2, often 
op. in 3-4, and orixate in 5-6 


simple leaves, stipules 2 
simple leaves, stipules 2 


simple leaves, stipules 2 

sessile simple leaves, stipules 2 

sessile simple leaves, stipules 2 

sessile simple leaves, stipules 2 

sessile simple leaves, stipules 2, 
3-4 often in orixate or 
nearly op. 

simple leaves, stipules 2 

simple leaves, stipules 2 

simple leaves, stipules 2 

simple leaves, stipules 2 

simple leaves, stipules 2 

by 2, 4-D methylester, leaf no. 
3 single-bladed, nos. 4 and 5 
multi-foliolated 

by auxin treatment, 3-4 often 
in opposite and simple-bladed 

simple leaves, stipules 2 

simple leaves, 2 stipules, 

3-4 often op. or orixate 


407 
s 
Maekawa (1955) 
Maekawa 
Maekawa 
W. 
Ne 
W ; Maekawa 


De candolle (1825) 
Maekawa 


Maekawa 


Maekawa (1955) 


Wie Ye 
Maekawa (1955) 
Maekawa 


Maekawa (1955) 


Maekawa 


Maekawa (1955) 
Maekawa (1955) 


Maekawa (1955) 


Maekawa (1955) 
Maekawa (1955) 


Troll (1937) ; Maekawa 
Maekawa (1955) 
Maekawa 

Maekawa 

Maekawa (1955) 


Maekawa (1955) 
Maekawa (1955) 
Maekawa 
Maekawa 


Maekawa (1955) 
Furuya et Osaki (1955) 


Shiobara (1950) 


Maekawa 
Troll (1937) 
Maekawa (1955) 


408 F. Maekawa, Topo-morphology of Stém and Leaves. 2 


P. semierectus L. 
Erythrina fusca Lour. 
Et. spp. 

Voandzeia subterranea L. 
Kennedya sp. 

Abrus precatorius L. 


Flemingia strobilifera R. Br. 


Linaceae 
Linum perenne L. 


Rutaceae 
Orixa joponica Thunb. 


Fortunella japonica Swingl. 

Citrus Junos Tanaka 

C. Natsudaidai Hayata 

Fagara ailanthoides Engl. 

F. mandshurica Honda 

Xanthoxylum piperitum DC. 

Murraya exotica L. 
Simarubaceae 

Ailanthus altissima Swingl. 
Meliaceae 

Melia Azedarach L. 


Daphniphyllaceae 
Daphniphyllum macropodum 
Miq. 
D. humile Maxim. 
D. Theismanni Kurz 


Euphorbiaceae 
Triadica sebifera Small 
Sapium japonicum Pax 

Hoffm. 

Acalypha australis L. 
A. rhomboides Rafin. 
Euphorbia marginata Pursh 
E. dentata Michx. 
E. esula L. 


E. cyparissias L. 


Anacardiaceae 
Rhus verniciflua Stokes 
R. semialata Murray 


In rare case, 3-4 opp. and stipu- 
les 4; also 5-6 op. with Z 
stipules 


simple leaves, 2 stipules 
simple leaves 


simple leaves 


minute scaly, 3-4 compound 
leaves nearly op. but slightly 
different in size 


simple leaves ; following leaves 


3-7 alternate but simple- 
bladed 
all other leaves distinctly 
orixate 


3-4 orixate 

trifoliolate, 3-4 subop. 
trifoliolate often alternate 
trifoliolate 

simple leaves 


simple leaves or trifoliolate, 
also op. in 3-4 


^w 


also op. in 3-4 


often with a few large serra- 
tions 


3-4, 5-6 orixate 


also op. in 3-4, 5-6 


3-4 and following leaves not 
exactly paired 


3-4 and following leaves not 
exactly paired 


Simple leaves, often op. in 3-4 
trifoliolate 


Maekawa 


Maekawa 
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Compton (1912) 
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javanica L. 
copallina L. 
succedanea L. 
trichocarpa Miq. 
orientalis Schneid. 
Mangifera indica L. 


SNAM 


Pistacia Terebinthus L. 
P. indica L. 
Poupartia Fordii Hemsl. 


Aquifoliaceae 


Ilex crenata Thunb. var. 
radicans Nakai 


I. rugosa Fr. Schm. 

I. pedunculosa Miq. 

I. rotunda Thunb. ^ 
Sapindaceae 

Koelreuteria paniculata Laxm. 

K. formosana Hayata 

Sapindus Mukuroussi Geartn. 

S. Sasakii Yanagita 

Euphoria Longana L. 
Sabiaceae 

Meliosma rigida S. et Z. 
Balsaminaceae 

Impatiens Noli-tangele L. 
Rhhamnaceae 

Hovenia dulcis Thunb. 

Rhamnus japonica Maxim. 

R. Cathaltica L. 

Frangula Purshiana Cooper 
Elaeocarpaceae 

Elaeocarpus Kobanmochi Koidz. 
Actinidiaceae 

Actinidia polygama Planch. 
Theaceae 

Ternstroemia japonica Thunb. 
Flacourtiaceae 

Idesia polycarpa Maxim. 
Loasaceae 

Mentzelia decapetala Urban et 

Gilg 

Oenotheraceae 

Oenothera biennis L. 


Thymeleaceae 
Daphne pseudo-Mezereum A. 
Gray 


D. Miyabeana Makino 


Wikstroemia Gampi Maxim. 


trifoliolate, often subop. in 3-4 
trifoliolate 
trifoliolate 
trifoliolate 
trifoliolate 


also op. in 3-4, but slightly 
different in size 


simple leaves 
pinnate leaves 
trifoliolate 


subop., also in 3-4 
nearly op. 


nearly op. 


simple or trifoliolate leaves 
pinnate leaves 

pinnate leaves 

pinnate leaves, subop. 
bifoliolate leaves 


sometimes op. 


also op. in 3-4, orixate in 5-6 


often orixate in 3-4, 5-6 
orixate in 3-4, 5-6 


orixate in 3-4 
nearly op. 


serrations 


also op. in 3-4 


subop. 


also op. in 3-4, 5-6 and almost 
whorled together 


often in op. 
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Elaeagnaceae 
Elaeagnus multiflorus Thunb. 


E. crispa Thunb. var. maxima 
Yanagita 
Myrtaceae 
Agonis flexuosa Lindl. 
Eucalyptus citriodora Hook. 


Nyssaceae 


Camptotheca acuminata Decaisn. 


Ebenanceae 
Diospyros Kaki L. f. 


Symplocaceae 
Dicalyx Tanakae Hara 
D. lancifolia Hara 
D. glauca Hara 
Palura Tanakana Nakai 


Styracaceae 
Styrax Jippei-Kawamurai 
Yanagita 
Hydrophyllaceae 
Ellisia nyctelea L. 


Borraginaceae 


Ehretia Dicksoni Hance var. 
japonica Nakai 


Solanaceae 
Lychium chinense Mill. 
Scrophulariaceae 
Linaria vulgaris Hill 
Verbascum thapsus L. 
Compositae 
Vernonia Baldwini Torr. 
V. fascicullata Michx. 
Antennaria neglecta Greene 
Ambrosia elatior L. 


Xanthium italicum Moretti 
Helianthus annuus L. 

H. petiolaris Nutt. 

Achillea millefolium L. 
Artemisia annua L. 

Anthemis Cotula L. 

A. arvensis L. var. agrestis DC. 


Chrysanthemum leucanthemum 


PA 
Matricaria 
Porter 
Ormenis mixta Dum. 
Centaurea Cyanus DC. 

C. repens L. 


matricarioides 


3-4 nearly op. but different in 
size 
often op. 


subop. in 3-4 
subop. in 3-4 


nearly op. 


often op. 
often op. 
nearly op. and serrations 


also subop. in 3-4 and whorled ; 


in 4 leaves 


in S. japoniea and S. Obassia, 
not op. 


subop. in 3-4 


often op. 


also subop. in 3-4, 5-6 


also op. in 3-4 


also op. in 3-4, 5-6, 7-8, 9-10 
opposite and 11-12, 13-14 
orixate 


3-4 slightly oblique 
simple leaves 


seemingly op. 
also op. in 3-4 


subulate 
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4. Occurrence of three different leaf-classes, S, F and E in Cordaitariae. 
Cordaites has been thoroughly investigated by Prof. Florin and confirmed 
its phylogenetical relationship with conifers. Among the remarkable charac- 
ters, the scaly leaves of inflorescence which have perfect individuality in choice 
ofirepresenting sterile or fertile, are very unique. Just to this scaly leaves, 
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Figs. 20-33. Lower part of the stem of Cordaites. 30, from Seward's Fossil 
plants. Distinct appearance of so-called spiral phyllotaxis. 29 and 32. The 
same, interpreted under the usual spiral hypothesis. It shows very unnatural ar- 
rangement as shown in the diagram fig. 32. 31 and 33. The same, under the 


interpretation by the writer's opinion. I, II, III, means cycles or steirs of 4-phyl- 
lous verticillation. 1-1-1, 2-2-2 etc mean spiro-scalate ascending line. (30, from 
Seward, 29, 31-32. (Maekawa) 
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the writer assumes the leaf-class E", which has been found and established 
in Equisetum with the distinguished character of sporangium-bearing habit. 

Usually Cordaites has long lanceolate leaves, which have been accepted as 
scattered in distinct spiral phyllotaxis. The writer has had clear evidences 
which favoured to the interpretation that the spiral is false one, but the 
phyllotaxis, in really, should be 4-phyllous verticillate, each steir of which ar- 
ranges by spiro-scalate pattern and also often in transitional orixate stage. 

To understand clearly these interpretation, the following three items must 
be realized. 

1) Verticillate phyllotaxis as a primitive stage. In other words, primary 
verticillate phyllotaxis should be prior to opposite pattern. Of course alter- 
nate pattern is far laterly induced one in phyllotaxis evolution. 

2) Orixate dislocation in expanded application. This transitional phase 
is not confined to opposite phyllotaxis, but also may occur sporadically in 
verticillate one, just one of which, reduced in number to minimum is opposite 
itself. 


Fig. 34. Cauline part of the stem with leaves in Cordaifes Hislop:. (from 
Seward). 
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3) Spiro-scalate phyllotaxis in expanded application. In the first paper 
concerned this organization by the writer, it was restricted to opposite phyl- 
lotaxis. But from the view of phyllotaxis evolution, this organization might 
occur in verticillate phyllotaxis. 

'These three important amendments to the three ideas were already noticed in 
the writer's previous paper dealt with the same items in Japanese language (1953). 

Now, you may look fig. 30. This is the stem of Cordaites, quoted from 
Seward's Fossil Plant. We may at first receive clear spirals of leaf scars, 
but the leaf arrangement reconstructed under this interpretation is quite 
unacceptable, in which leaves aggregate by almost all of them in front, but 
very few in back (Figs. 29 and 32). 

While under the writer's interpretation (Figs. 31 and 33), the phyllotaxis 
is 4-phyllous verticillate but slightly modified under spiro-scalate by each 30? 
angle in sequence. Moreover, some distinct dislocation in vertical direction 
(i. e. orixate dislocation) makes the matter more complicate, to bring about 
oblique ascending cline of verticillate ring (which indicated as I, II, III in Figs. 
31 and 33). There are 4-spiral lines, which may be the same ''helice foliaire"' 
in the sense of Plantefol. 

Fig. 34 is Cordaites Heslopi from India, also taken from Seward's text- 
book. Although there are some falling off of members, leaves are distinct in 
equal size and their arrangement is 12-direc- 
tions in which each leaf has its 3-associates, one 
of which in opposing situation, the other two in 
aline crossing by right angle with it. These are 
also 4-phyllous verticilate as interpreted in 
Figs. 35 and 36. These evidences are sufficient 
enough to accept the verticillate phyllotaxis at 


Fis. 36. Diagram of the same, 


= "ccc laterally viewed. Numbering 
is $ Ly rd i \ T, symbols are same to those in 
D NE Sce B ys figs. 33 and 35. Black or 
ie L4 S hatched area means the leaves 

[i £ Pd 


1 i which can be seen infigs. 

a A B Ere 35 34-35; white areas indicate 

the leaves which were already 

Fig. 35 The same. The diagram of leaves in falling away and could not 

disposition, under the writer’s opinion. I, II, III be seen in the fossil in fig. 
and 1-1-1 etc, all are as same as in fig. 33. 34. 
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least in the lower and middle parts of Cordaitean stems. 
The upper part, where commen axis of inflorescences eM attached, is 
schematically figured in Fig. 37. There are common axes of inflorescences, 
which seem to insert in or protrude directly from, the surface e the stem, 
between leaves but never are axillary ; therefore Prof. RM deeem them as 
supra-axilary. The writer inclines to accept that the basic constitution 5 the 
pattern of leaves, is S leaf-class (which are in foliage pu arranged in op- 
posite (decussate one), to which axes of inflorescences is inserted to the place, 
just the potentially meeting point of two opposing members of S leaf-class, 
under the Fagus-type by the writer's typifications. » 
These axes of inflorescences are also one of leaf-class to which “F 
should be applicable. It is memorable that we can find no foliage leaf be- 


Sla2 > la V 
ERU 
Fi 3 y, i 
p Sla| 
fy : 
El 38 
Figs. 37-38.Upper part of the stem Figf. 39-40. A part of common peduncle of 


of Cordaites. 37. Lateralview. 38. inflorescences, diagramatically figured. 39. 
Bird's eye view. Insertion of Lateral view. 40. Bird's eye view. Ssc 


the common peduncles of inflores- means scaly leaves or *bract" in usual 


cences (Ffl) to the vacant area sense of S leaf-class, and Ssc 1, 2 3, 4 
between two opposite members make a circle of 4-phyllous verticillation. 
of foliage leaves (Sla). For FA (I 1 and FA (I) 2 are situated in 
example, Ffl 1 inserts between opposite in a set and inserted to two 
Sla 1 and Sla 2. spaces, the one between Ssc 4 and 1, and 


the other, Ssc 2 and Ssc 3. 
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longed to “F” leaf-class, and in this critical point of organization, Cordaites 
has quite similar pattern preferable to the inflorescence-bearing lower 
part of axillary branches, which already pointed out by the writer in 1948 
and 1952. 

Scaly leaves on the common peduncles of inflorescences are somewhat 
obscure, especially owing to its delicate structure. Florin has interpreted 
their arrangement as distichous opposite (often deviated as subalternate) and 
inflorescence-glomercules grown in their axile. 

By 1) the lack of evidence of perfect distichous opposite phyllotaxis, 2) the 
evolutionary juvenile stage which Cordaites has still hold to the degree 
exhibited in the lack of axillary concatenation in cauline leaves (S leaf-class), 
3) No capacity of axillary concatenation to S leaf-class, and 4) Darrah's 4-directed 
orientations of glomerules to a common axis of inflorescences, the writer cosiders 
the arrangement of S-scales to the common peduncle as four-leaved verticil- 
late which crossed each other by 45? angle between in any two successive steirs. 

'The vacant areas of each steir cycle of S leaf-class, which lie on a 
imaginal line through the center of common axis and at the same time, bet- 
ween each two members in sets are occupied by the F-leaf class (i.e. glome- 
rules of inflorescence, indicated as Ffl (I) and Ffl (II) in Figs. 39 and 40, 
through synthetic insertions opposite to verticillate. It looks like nearly 
Turpinia-case, which is different only in one point, that their insertion occurs 
to opposite basic pattern instead of verticillate. 

The glomerules in successive two steirs are crossing by 45° degree. There- 
fore it seems rather natural that if the press would stress the materials when 
the common peduncles of inflorescences lie in mud to become fossil, in the 
direction of arrows in Fig. 39 and 40, it is easy to induce the contact situa- 
tion beween glomerules and scales (for example: Ssc 2 or Ssc 3 and Ffl (I) 2, 
Ssc 4 Ssc 1 and Ffl (I) 1, and etc), which might be easily mistaken as real 
axilary glomerule to the said scaly bract. 

In the arrangement of scales mixed with male or female sporophylls as 
Schoute already pointed out, the spiral arrangement is distinct and needs no 
further addition, except that these scales are clearly belonging to the leaf- 
class, “E”, and formulated as Esc, Ema, and E fe in a continuous spirals. 

In Cordaites, members of leaf-class and their arrangement can be 
formulated as follows. 


Tab. 4. Leaf classes in Cordaites 


Part of plant Leaf class Leaf phase Arrangement 
stem (lower and S foliage leaf with large 4-phyllous verticillate, with ca 30° 
middle parts) lamina (Sla) spiroscalate torsion and often with 


slight orixate dislocation in erect 


direction 
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stem (upper par) S foliage leaf with large 2-phyllous vertibillate with 90° cross- 


lamina (Sla) ing angle (i.e. decussate) often 
modified with somewhat  orixate 
pattern 
F common peduncle of insertion between two members of S 
inflorescences by Fagus-type 


no sign of axillary concatenation 


rererrrer Teeter tere eee ree Tee cere usos 


common peduncle S scaly leaves or bracts 4-phyllous  verticilate,  spixo-scalate 
(Ssc) in 45 degree angle 

F axis of glomerule of opposite in set and inserted to syn- 

inflorescence (Fax) thetize 4 lines of orthostichy, each 


separated together by 45° and 135°, 
also no sign of axillary concatena- 
tion 
glomerule E scaly (Esc), male sporo- in the common and continuous spiral 
phyll (Ema) and 
female sporophyll 


(Ete) 
Botanical Institute, Faculty of Science, 
University of Tokyo 
References 
Bócher, T. W. Studies on morphological progression - - - -- Konigl. Dansk Viednsk. Selskab. 


Biolog. Meddelel. 18, n. 13 (1951) 

Florin, R. On the female repoductive organ in the Cordaitinae. Acta Hori Bergiani 15, n. 
6: 111-134 (1950) 

Furuya, M. Problemes de l'organongénése dans rameau axillaire et végétatif de Dicotyledones. 
Journ. Fac. Sci. Univ. Tokyo, Sect. III, Botany 6. 5: 159-207 (1953) 

Furuya, M. et Osaki, S. Effects of the vapour of Methyl 2, 4-dichlorophenoxyacetate on 
growth and differentiation in Phaseolus vulgaris L. I. Jap. Journ. Bot. 15: 117-139 
(1955) l 

Kummer, A. P. Weed seedlings. 1-435 Univ. Chicago Press (1951) 

Lam, H. J. Classification and the new morphology. Acta Biotheretica 8, pt. 4: 107-154 (1948) 
7 Stachyospory and phyllospory as factors in the natural system of the cormophyta. 
Svensk Bot. Tidskrift 44 : 517-534 (1948) 

H Dynamic paleontology. Comte Rendu 3 ième Congr. Strat. et de Géol. du Carbo- 
nifére,-Heerlen : 382-395 (1951) 

7 Again: the new morphology - - - Elucidated by the most likely phylogeny of the 
female coniferous cone. Svensk Bot. Tidskrift 48: 348-360 (1954) 

Maekawa, F. Topo-morophological investigations on the relation between stem and leaves 
and their bearing on the phylogenetic systematics of vascular plants. L, Journ. Fac. 
Sci. Univ. Tokyo, Sect. III, Botany, 6: 1-28 (1952) 


H On the phyllotaxis of Cordaites under a new consideration (in Japanese with 
English résumé) Journ. Jap. Bot. 28: 240-248 (1953) 
7 Topo-morphological and taxonomical studies in Phaseoleae, Leguminosae. Jap. 


Journ. Bot. 15: 103-116 (1955) 


Journ. Fac. Sci. Univ. Tokyo, III, vol. 6 (8) 1956 417 


Miyazawa, B. Note on some monstrous leaves of Ginkgo. (in Japanese) Bot. and Zool. 1: 
1679-80 (1933) 

Plantefol, L. La théorie des hélices foliaires multiples. Masson et Cie. Paris 1: 1-154 (1948) 

Sahni, B. On some abnormal leaves of Ginkgo. Journ. Ind. Bot. Soc. 12: 50-55 (1933) 

Schoute, J. C. On whorled phyllotaxis: IV. Early binding whorls. Recuil. d. Trav. Bot. 
Néerland. 35: 415-558 (1938) 

Seward, A. C. Fossil plants 3: 219-283 (1917) 

Wassiltschenko, I. T. Morphologie der Keimmung des Leguminosen in Zusammenhang mit 
ihrer Systematik und Phylogenie. Acta Inst. Bot. Acad. Sci. URSS, ser. 1 (Fl. Syst. 
Pl. Vasc. 4: 347-425 (in Russian with German résumé). (1937) 

Watari, S. Morphology and structure of some ascidiate leaves. Journ. Jap. Bot. 12: 100-116 
(1936) 

Yanagita, Y. Iconograph of seedlings of forest trees. Reprint from Rigakkai Zasshi (1928-40) 


Literatures cited already in part 1 of this paper are not listed again in this references. 


AI c-r oda 
=. bt pue ene H a Nee ri | 
- DÀ ed i vin dedere Ane ; A J 


ane wt 


SAA S | 
i ‘hie 3 Y e 
è à sl ee f 
te OSCE VL aaa 
1 E. 


ay 


m 
e dite 


a e ert 
L 


| "Er m 
E MIC 


ub 


Some Abietinean Woods from the Tertiary of Japan* 


By 


Shunji WATARI 


With 5 Photographs and 5 Figures in the Text 


During the course of studies on the Tertiary woods, the writer met with 
many coniferous woods belonging to some different families or groups. Among 
them, seven forms of the Abietoideae are treated in the present paper.  Des- 
criptions of woods and nomenclatural transfer are as follows: 


l. Picea palaeomaximowiczii Watari, sp. nov. 

Picea Wakimizui (Watari) Watari, comb. nov. 
Picea cfr. jezoensis Carriére 

Pseudotsuga cfr. japonica Beissner 

Keteleeria mabetiensis (Watari) Watari, comb. nov. 
Abies firmoides Watari, sp. nov. 

Tsuga sp. 


eu Rs Qu cs S9 e 


Excepting a species, Abies firmoides, from the Palaeogene (prob. Oligocene), 
other six forms were obtained from the Miocene, and five of them, i.e. Picea 
palaeomaximowiczii, Picea Wakimizui, P. cfr. jezoensis, Keteleeria mabetiensis, 
and Tsuga sp. are associates of the dicotyledonous woods already reported 
from the Green tuff, widely spreading strata chiefly along the Japan-Sea side 
of Honsyu (Watari 1952). 


DESCRIPTIONS 


1. Picea palaeomaximowiczii Watari, sp. nov. (Photo. 1; Fig. 1) 


Occurrence. (1) Tobisima I., Akumi-Gun, Yamagata Pref.; No. 35104, rather poorly 
preserved specimen ; collected by Prof. Masami Sato in 1950; No. 31506, preservation fairly 
good in part, transmitted by Prof. K. Huzioka in 1954. (2) Aburato, Kamo-Mati, Nisi-Ta- 
gawa-Gun, Yamagata Pref.; Nos. 35030, 35031, 35041, 35042, 35044, poorly preserved speci- 
mens; collected by the writer in 1949. (3) Isagodani, Tagawa-Mura, Nisitagawa-Gun, 
Yamagata Pref.; Nos. 35072, 35078, preservation fairly good in part; collected by the writer 
in 1950. (4) Yutagawa, Nisitagawa-Gun, Yamagata Pref. ; No. 35019 (Hollotype), excellently 
preserved in part, description chiefly based on this specimen; collected by the writer in 1949. 
(5) Tamugimata, Azuma-Mura, Higasitagawa-Gun, Yamagata Pref.; Nos. 35202, 35206, poorly 
preserved specimens; collected by Prof. Masami Sato in 1949. 


* Contributions from the Division of Plant-Morphology, Botanical Institute, Faculty of Science, 
University of Tokyo, N. S. No. 70. 
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Description. Growth rings distinct, breadth variable. Transition from 
early- to latewood more or less abrupt; bands of latewood generally broad, 
15-30 cells in width. Earlywood tracheids squarish to polygonal, 30-45 x 40-60 
microns in tangential and radial diameters respectively, thin-walled ; bordered 
pits on radial walls 1-2 rows, opposite and usually contiguous when in 2 rows, 
circular to oval in outline and 18-25 microns in diameter; bordered pits on 
tangential walls sparse, small, circular with vertical aperture; fairly stout 
spiral thickenings regularly present, spaced at regular intervals. Latewood 
tracheids flattened squarish with rounded corners, 20-40 x 10-30 microns in tan- 
gential and radial diameters respectively; 3-6 microns in wall thickeness; 
bordered pits on radial walls 1 row, separated, circular, 8-15 microns in dia- 
meter, with oblique to vertical lenticular apertures ; bordered pits on tangential 
walls sparsely present in the last few rows, small circular with vertical aper- 


Fig. 1. Picea palaeomazximowiczi: Watari, sp. nov. A, radial view of a ray show- 
ing marginalray tracheids with spiral thickenings, median ray parenchyma containing 
several rhomboidal crystals, its thickened and pitted walls, and several piciform cross 
field pits (x500). B, tangential view of a fusiform ray showing a horizontal canal 
with a thin-walled tylosoid, seven thick-walled epithelial cells, and an uniseriate 
margin, eight cells in height (x500). 
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A, cross section containing a 


Photo. 1. Picea palaeomazimoxviczii Watari, sp. nov. 
growth ring, showing two broad bands of latewood and five resin canals, (earlywood is 
B, radial section of a part of ray showing earlywood tra- 


markedly deformed), (X60). 

cheids with stout spirals (x200). C, radial section of a part of ray showing spiral ray 
tracheids on the upper margin, and crystalliferous median ray parenchyma with thickened 
and pitted walls (x300). D and E, two examples of fusiform rays with long uniseriate 
margins (X300). 
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Photo. 2. Picea cfr. jezoensis Carriére. A, cross section containing a boundary of 
growth rings showing gradual transition from early- to latewood, and two vertical resin 
canals (x80). B, tangential section (x80). C, radial section containing a ray flanked by 
a row of ray tracheids on the upper margin (x250). D, piciform cross field pits (x500). 
E, multiseriate part of a fusiform ray, horizontal canal being surrounded by about ten 
epithelial cells and occluded with thin-walled tylosoids (x 400). 
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tures; spiral thickenings occasionally present. Longitudinal parenchyma pre- 
sent, terminal and in the vicinity of vertical canals, horizontal walls thickened 
and densely pitted; individual cells 20-40 x 100-250 microns in tangential and 
vertical diameters respectively ; occluded with dark substances and frequently 
with rhomboidal crystals. Vertical resin canals scattered solitarily or frequently 
2-several in tangential groups, scattering chiefly in latewood and in transitional 
zone between early- to latewood ; canals circular or tangentially elongated oval, 
mostly 35-120 microns in diameter; epithelial cells thick-walled; thin-walled 
tylosoids often present. Rays of two types, uniseriate and fusiform, present, 
both with ray tracheids.  Uniseriate rays (rarely biseriate in part) mostly 2- 
25, sometimes up to 40, cells high ; parenchyma medial, resinous and frequently 
with rhomboidal crystals; all walls fairly thickened, vertical and horizontal 
walls densely pitted; circular, oval or rectangular with rounded corners in 
tangential section, triangular intercellular spaces distinct ; cross field pits small, 
circular, 4-5 microns in diameter, piciform, generally 2-4 in earlywood and 
usually 1 in latewood. Ray tracheids marginal or not infrequently interspersed, 
1-3 rarely more layered, thin-walled with marked spiral thickenings; bordered 
pits present in all walls, circular with circular aperture. Fusiform rays with 
linear and mostly unequal uniseriate margins 1-10 or more cells in height; total 
height of fusiform rays mostly 200-450 microns, and 50-70 microns in width, hori- 
zontal resin canals 18-30 microns in diameter, surrounded mostly by 6-8 (5-10, 
ca. 7 in average) thick-walled epithelial cells ; thin-walled tylosoids often present. 


2. Picea Wakimizui (Watari) Watari, comb. nov. 


Piceoxylon Wakimizui Watari in Jap. Jour. Bot. 11: 418-426, figs. 1, 2, Photo. 1, 1941b 
(Anatai, Ninohe-Gun, Iwate Pref. ; Nos. 31102, 31118). 


3. Picea cfr. jezoensis Carriére (Photo. 2; Fig. 2) 


Occurrence. (1) Iragawa, Atumi-Mati, Nisitagawa-Gun, Yamagata Pref.; No. 35267, 
a well-preserved fragment of silicified wood obviously came from a trunk of larger size ; 
collected by Mr. Toshimasa Tanai in 1950. (2) Isagodani, Tagawa-Mura, Nisitagawa- 
Gun, Yamagata Pret. ; Nos. 35057, 35063, 35068, rather poorly preserved specimens, collected 
by the writer in 1950. 

Description. Growth rings distinct, breadth variable, mostly 1-2 mm. 
Transition from early- to latewood usually gradual; bands of latewood narrow. 
Earlywood tracheids thin-walled, squarish to polygonal, radially elongated, 30- 
50x 40-70 microns in tangential and radial diameters respectively ; bordered 
pits on radial walls especially crowded at the ends of tracheids, uniseriate and 
biseriate in part, opposite and usually contiguous when in 2 rows, circular or 
oval in outline, 13-26 microns in horizontal diameter; crassulae sometimes dis- 
tinct; bordered pits on tangential walls absent. Latewood tracheids thick- 
walled, 3.5-7.0 microns, a few to several on the ring margin especially flattened ; 
bordered pits on radial walls separated, uniseriate, circular with vertical to 
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oblique and lenticular to slit-like apertures; bordered pits on tangential walls 
present in the last 1 or 2 rows, scattered in 1 or 2 rows, pits circular, small, 
6-8 microns in diameter, with lenticular, oblique and included apertures. Spiral 
thickenings entirely absent in early- and latewood tracheids; strand tracheids 
frequent in the vicinity of vertical resin canals, horizontal walls with a few 
small bordered pits. Longitudinal parenchyma absent excepting the sparse 
occurrence in the vicinity of vertical resin canals; horizontal walls thickened 
and densely pitted. Vertical resin canals mostly in latewood, solitary or 2- 
several in tangential growps; fairly abundant in some rings, then absent or 
few in some others; canals fairly large, 70-120 (exceptionally 220) microns in 
diameter, surrounded by thick-walled epithelial cells, thin-walled tylosoids fre- 
quently present. Rays of two types, uniseriate and fusiform, present; both 
with ray tracheids. Uniseriate rays (rarely biseriate in part) mostly 2-15 (1- 
21 or more) cells high; ray parenchyma medial, resinous’ contents occasional, 
non-crystalliferous, rounded squarish to circular with distinct triangular inter- 
cellular spaces, horizontal and tangential walls thickened, densely pitted, cross 
field pits small, circular and piciform, generally 3-5 in earlywood and 1-2 in 
latewood; marginal tracheids mostly 1-2 layered, thin-walled and without 
spiral thickenings. Fusiform rays fairly abundant, frequently with unequal 
uniseriate margins 1-11, rarely more, cells in height; total height mostly 250- 
450 (150-600) microns and 45-60 microns in width; horizontal canals mostly 20- 
40 microns in diameter, mostly surrounded by 8-12 thick-walled epithelial cells 
which are rounded and frequently project into the canal; thin-walled tylosoids 
frequently present. 


Fig. 2. Picea cfr. jezoensis Carriére. A, radial section showing a part of ray 
flanked by a row of ray tracheids on the upper margin, thickened and pitted walls 
and piciform cross field pits of ray parenchyma (x300). B, multiseriate part of a 
fusiform ray, horizontal canal is surrounded by thick-walled and rounded epithelial 
cells and occluded with thin-walled tylosoids. (x300). 
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Photo. 3. Pseudotsuga cfr. japonica Beissner. A, cross section containing a boundary 
of growth rings showing a broad band of latewood, somewhat abrupt transition from 
early- to latewood, and a vertical resin canal (x80). B, tangential section (x80). C and 
D, two examples of fusiform ray showing polygonal horizontal resin canal surrounded by 
small number of thick-walled epithelial cells (x250) ^ E, a terminal parenchyma f in 
cross section, pitted horizontal wall being faintly distinct (5600). 
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4. Pseudotsuga cfr. japonica Beissner: (Photo. 3;.Fig. 3) 


Occurrence. (1) Tateya, Itukaiti, Nisitama-Gun, Tokyo Pref. ; No. 42501, a small wormed 
fragment of calcareous wood obviously came from. a trunk of larger size; preservation of the 
internal structure generally poor, minute structure. of walls extremely faint through decay 
and spiral cracks along the fibril orientation frequent ; collected by Mr. Sumio Sakagami from 
the sandstone of the Itukaiti Formation, a marine formation of the Middle Miocene, and 
transmitted by Prof. Teiichi Kobayashi in 1953. 


Description. Growth rings distinct, breadth 1-5 mm. Transition from early- 
to latewood more or less abrupt; bands of latewood fairly broad. Earlywood 
tracheids thin-walled, squarish to polygonal in outline, 25-50: 35-60 microns in 
tangential and radial diameters respectively ; bordered pits on radial walls 
faintly distinct in some parts, circular or oval in outline, usually with circular 
aperture, 20-30 microns in diameter, uniseriate or in part biseriate, opposite 
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Fig. 3. Pseudotsuga cfr. japonica Beissner. A, radial section of a part of ray 
showing a row of ray tracheids with circular bordered pits, thickened and pitted walls 
of ray parenchyma, and several piciform cross field pits (x600). . B, a part of ray 
with a row of marginal ray tracheids in which the spiral thickenings are preserved 
(X600). C, tangential section of a fusiform ray showing a horizontal canal surrounded 


by five thick-walled epithelial cells and provided with characteristic low uniseriate 
margins (250). 
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and contiguous when in 2 rows. Latewood tracheids thick-walled, pits on radial 
and tangential walls indistinct; up to 50 microns in tangential diameter. 
Figures suggesting the presence of spiral thickenings faintly observable in some 
early- and latewood tracheids. Terminal papenchyma present in places; hori- 
zontal walls markedly pitted. "Vertical resin canals sparsely scattered, solitary, 
50-140 microns in diameter and surrounded by thick-walled epithelial cells. 
Rays of two types present, uniseriate and fusiform, both with ray tracheids. 
Uniseriate rays occasionally biseriate in part, mostly 2-10 cells high; ray 
parenchyma medial, resinous contents occasional; circular in tangential section 
and triangular intercellular spaces distinct; pitted and thickened nature of 
horizontal and vertical walls observable in some places; pits on a cross field 
generally 2-3 in earlywood, circular and piciform or cupressoid; ray tracheids 
marginal, usually 1-layered, thin-walled, spiral thickenings faintly distinct in a 
few places, bordered pits circular, with circular aperture. Fusiform rays fairly 
abundant, uniseriate margins low, usually 1-5 cells high, mostly 200-300 mic- 
rons in total hieght and 50-70 microns in width; horizontal canals mostly 
pentagonal or hexagonal in outline, 30-40 microns in diameter, generally en- 
circled by 5-6 thick-walled epithelial cells. 


5. Keteleeria mabetiensis (Watari) Watari, comb. nov. 


Pinoxylon mabetiense Watari in Jap. Jour. Bot. 11: 386-394, Photo. 1, 2, figs. 1, 2, 1941 a 
(Anatai, Ninohe-Gun, Iwate Pref. ; Nos. 31127, 31128, 31131, 31132, 31134, 31135, 31139, 31143). 


6. Abies firmoides Watari, sp. nov. (Photo. 4; Fig. 4) 


Occurrence. (1) Kuji District, Iwate Pref.; Palaeogene (prob. lower Oligocene); No. 
31602, a fragment of silicifed wood, apparently came from a wood of considerable size, 
preservation fairly good in part; transmitted by Mr. Sigemoto Tokunaga in 1953. 

Description. Growth rings distinct, breadth variable, mostly 0.5-2 mm. 
'Transition from early- to latewood abrupt; bands of latewood mostly 3-10 (15) 
cells in width. Normal and traumatic resin canals entirely absent. Earlywood 
tracheids thin-walled, squarish to hexagonal, 40-60 x 45-65 microns in tangential 
and radial diameters respectively ; bordered pits on radial walls uniseriate or 
in part biseriate, opposite and frequently contiguous when in 2 rows; circular 
to elliptical in outline, pit-aperture circular; crassulae distinct in some parts; 
spiral thickenings and striations entirely absent. Latewood tracheids thick- 
walled, up to 55 microns in tangential diameter, squarish to hexagonal with 
rounded corners, inner lumens rounded; pits on radial walls uniseriate, circular, 
13-20 microns in diameter, pit aperture oblique or vertically placed lenticular. 
Tangential pits present in the last few rows of latewood tracheids.  Longi- 
tudinal parenchyma terminal, fairly abundant in some rings, occasionally a 
few contiguous in a tangential line; dark contents usually absent; individual 
cells 30-60 x 125-300 microns in tangential and vertical diameters respectively ; 
horizontal walls thickened and densely pitted; pits into tracheids half-bordered, 
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small circular to vertically elongated oval, pit aperture lenticular to elliptical 
and vertically placed. Rays in part biseriate very abundant, mostly 1-20 (up 
to 35 or rarely more) cells in height, consisting exclusively of parenchymatous 
elements ; individual cells circular to squarish with rounded corners in tangen- 
tial sections, triangular intercellular spaces distinct ; horirontal and vertical 
walls thickened and densely pitted; cross field pits 2-5 in number, small cir- 
cular, 7-9 micros in diameter, taxodioid, aperture oblique; pits into intercellular 
spaces abundant, closely arranged7along"radial walls in cross section. 
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Fig. 4. Abies firmoides Watari,“sp. nov. A, cross section of a terminal paren- 
chyma showing pitted horizontal wall (5«500). -B, radial section of a part of ray 
showing thickened and pitted walls and taxodioid cross field pits (400). 


7. Tsuga sp. (Photo. 5; Fig. 5) 


Occurrence. (1) Nagatezaki, Tatibana, Sado I., Niigata Pref.; No. 51150, preservation 
fairly good in part; collected by the writer in 1953. 

Description. Growth rings very distinct, breadth fairly uniform, mostly 
0.5-1.5 mm. Transition from early- to latewood more or less abrupt ; bands of 
latewood occupying '/-'!/, of the increments. Vertical and horizontal resin 
canals entirely absent. Earlywood tracheids thin-walled ; squarish to hexagonal 
in outline ; 30-50 x 30-55 microns in tangential and radial diameters respectively ; 
bordered pits on radial walls uniseriate or in part biseriate, opposite and 
usually contiguous when in 2 rows, circular in outline, 15-20 microns in dia- 
meter ; spiral thickenings or striations absent. Latewood tracheids very thick- 
walled, 20-35 microns in tangential diameter; bordered pits on radial walls 
small, circular; aperture oblique or vertically placed lenticular. Tangential 
pitting present at least in the last few rows of latewood tracheids, small, 
circular; aperture lenticular to slit-like. Longitudinal parenchyma terminal, 
very sparse; individual cells 20-35 x 120-150 microns in tangential and vertical 
diameters respectively ; horizontal walls thickened and pitted. Rays uniseriate, 
with ray parenchyma and ray tracheids, mostly 1-18 cells in height. Ray 
parenchyma medial, rounded in tangential section, triangular intercellular 
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A, cross section showing transition from 
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spaces distinct; horizontal and vertical walls thickened and densely pitted; 
cross field pits generally 2-4 in earlywood, small and circular, mostly cupres- 
soid, and arranged in more or less alternating rows. Ray tracheids usually 
marginal, 1-2(3) rows; lower rays frequently consisting exclusively of ray 
tracheids; all walls of ray tracheids thin, smooth and provided with small 
circular bordered pits. 


Fig. 5. Tsuga sp. A, radial section of a part of ray showing ray tracheids on 
the upper and lower margins, median ray parenchyma with thickened and pitted walls, 
and cupressoid cross field pits (x500). B, cross section showing the presence of the 
terminal parenchyma with pitted horizontal wall (x500). 


CONSIDERATIONS ON THE AFFINITY 


Occurrence of the densely pitted vertical and horizontal walls of the ray 
parenchyma as well as markedly pitted horizontal walls of the longitudinal 
parenchyma, if it is present, are most important characteristics common to 
the woods of the Abietoideae of the Pinaceae. They can be further divided 
into two groups in accordance with the presence of the resin canals in the 
normal wood. In the following discussion on the affinity of fossils, these two 
groups will be considered separatedly. 


A. Woods provided with resin canals in the normal wood. Among several 
genera of the subfamily, Keteleeria is unique in the possession of vertical resin 
canals alone in the normal wood. Picea, Larix and Pseudotsuga are easily 
distinguished from other genera by the presence of both vertical and horizontal 
resin canals with thick-walled epithelial cells in the normal wood. However, 
there exist some difficulties in further separation of the last three genera on 
the basis of anatomical features of the wood. Many investigators attempted 
to settle it and several criterions have been proposed chiefly concerning to the 
mode of the transition from the early- to the latewood, presence or absence of 
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the spiral thickenings of the vertical and ray tracheids, occurrence or nonoc- 
currence of the terminal parenchyma, and the number of epithelial cells sur- 
rounding a horizontal canal. 

It is generally recognized that the transition from the early- to the latewood 
is abrupt or very abrupt in Larix, while it is generally gradual in Picea, the 
dense and well-defined bands of the latewood being one of the best features 
for distinguishing Larix from Picea (Phillips 1941, etc.). Transition is usually 
abrupt or more or less abrupt in Pseudotsuga. It must be noted, however, 
that in some species of Picea, e. g. P. Maximowiczii, bands of the latewood 
are rather broad and the transition from the early- to the latewood is fairly 
abrupt. 

'The constant occurrence of the spiral thickenings of the vertical as well 
as ray tracheids at least in the earlywood is frequently cited as one of most 
reliable characteristic by which Pseudotsuga is easily separated from Larix 
and Picea. ‘Their absence is indeed fairly prevailing among many species of 
the other two genera. However, sporadic or regular occurrence of the spirals 
in vertical and ray tracheids have been reported by some authors. Phillips 
further noted that the spirals in Picea and Larix are stouter than in the case 
of Pseudotsuga and are best developed in the latewood.  Fujioka (1913), Phil- 
lips (1941), and Brown, Panshin & Forsaith (1949) reported their sporadic 
occurrence in some species of Larix. Bailey (1909) showed their sporadic oc- 
currence in the latewood of first several rings in a few species of Larix, and 
Miyoshi & Shimakura (1933) recognized the same fact in Larix Kaemphaeri, 
L. europaea and L. laricina. In Picea, Bailey showed their occurrence in the 
latewood of first several rings of many species and both in the early- and the 
latewood of P. Maximowiczii, P. sitchensis and P. rubens. Miyoshi & Shima- 
kura reported that they are present in the latewood from 20-30th rings of P. 
Koyamai, and in the whole tracheids of older parts of P. Maximowiczii, P. 
morrisonicola and P. morinda, the same fact in the last two species being 
mentioned by Jones (1924). In a typically grown large trunk of P. Maximowiczii 
which is more than a hundred years old, the writer can comfirm that the 
marked spirals are regularly present in the whole vertical tracheids and ray 
tracheids of every increments. 

It seems to be generally accepted that the terminal parenchyma occurs 
sparsely in both Larix and Pseudotsuga, while it is entirely: absent in Picea 
excepting a few species, i. e. P. canadensis and P. excelsa in which it is present 
in the root wood (Bailey 1909, Jeffrey 1926). In this feature, P. Maximowiczii 
is an aberrant form among the members of the genus in that the terminal 
parenchyma is regularly present, at least in many outer increments of large 
wood mentioned above, it scattering here and there along the outer surface of 
every increments. In a closely related species, P. Koyamai, the terminal 
parenchyma is never observed so far as it concerns to the stem wood. 
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Of the number of epithelial cells surrounding a horizontal canal, some 
authors (Phillips, Brown, Panshin & Forsaith, etc.) noted that it is 5-7 in 
Pseudotsuga, usually 7-9 in Picea and up to 12 or more in Larix. In my own 
observation on several Japanese species of Picea, it comes apparent that the 
genus is separated in this connection into two groups, that is, the epithelial 
cells are 6-13 (av. 9-10) in P. jezoensis, P. hondoensis, P. Glehni, P. polita and 
P. bicolor, while they are 6-12 (av. ca. 7) in P. Koyamai and 5-10 (av. ca. 7) in 
P. Maximowiczii. Smaller average in the last two species is characteristic of the 
second group and it falls between that of Pseudotsuga and the first group of 
Picea. 

It should be added here that, in Pseudotsuga, outline of horizontal resin 
canals tend to be roughly pentagonal or hexagonal in outline owing partly to 
the dominant number of 5-6 epithelial cells and partly to the generally flat- 
tened nature of their inner walls which define the canal, while in Picea, 
epithelial cells are usually rounded and frequently one to a few of them pro- 
ject into the canal, the outline being somewhat scalloped or more or less 
irregular. Furthermore, the uniseriate parts on the upper and lower 
margins, frequently unequal in height, are usually more developed in Picea 
and Larix than in the case of Pseudotsuga. Although Brown, Panshin & For- 
saith wrote that they reach up to 16 cells in Pseudotsuga taxifolia, so far as 
the writer's observation is concerned, they are found to be generally low in 
this genus, and, especially, in P. japonica, margins exceeding 5 cells are quite 
rare. 

In the first fossil, Picea palaeomaximowiczii, somewhat abrupt transition 
from the early- to the latewood and the regular occurrence of the spiral 
thickenings of vertical and ray tracheids throughout the increments seemingly 
suggest an affinity to Pseudotsuga. Reference to the genus is, however, im- 
probable in the stouter spirals of tracheids and in the larger number of epi- 
thelial cells surrounding a horizontal canal. Thus the writer reaches to the 
conclusion that the only species among the modern members comparable to 
the present fossil is Picea Maximowiczii, though it differs also in some details 
from P. Maximowiczii, in which, for instance, rhomboidal crystals in the longi- 
tudinal as well as in the ray parenchyma are usually absent. On the other 
hand, among the fossil woods hither to been reported, Piceoxylon transiens 
Shimakura (1947) from the Cretaceous of Hokkaido and Picea Wakimizui Watari 
from the Miocene of Iwate Prefecture, seem to intimate to the present fossil. 
In Piceoxylon transiens, the spiral thickenings are present in the early- and 
more frequently in the latewood, but not present in all tracheids throughout 
increments and it differs also from the present fossil in the occurrence of 
terminal, diffuse as well as grouped parenchyma containing many crystals. 
Picea Wakimizui is also different from the present fossil in the occurrence of 
spiral tracheids in the latewood alone, 


434 S. Watari, Some Abietinean Woods from the Tertiary of Japan 


The second fossil, Picea Wakimizui, was reported in the original descrip- 
tion as a member of Piceoxylon. It is transferred in the present paper to 
Picea, since it comes apparent that all of the characteristics discussed above 
obviously show the probability referring the present fossil to the genus. 

In the third fossil, Picea cfr. jezoensis, the transition from the early- to 
the latewood is gradual, spiral thickenings are entirely absent in the longi- 
tudinal tracheids as well as in the ray tracheids, the terminal parenchyma is 
absent, and the epithelial cells surrounding a horizontal canal number 8-12. 
A combination of these features seems to quite universal to many species of 
Picea. However, it is clear that the fossil is different at least from Picea 
palaeomaximowiczii, P. Wakimizui, and also from such modern species intimate- 
ly related to these fossil forms as P. Maximowiczii and P. Koyamai. Further- 
more in regard to the number of epithelial cells surrounding a horizontal 
canal, it seems to show a closer resemblance to some other Japanese species 
than to the species treated by Phillips (1941) or Brown, Panshin & Forsaith 
(1949). Although further comparison with other species the genus or Piceoxylon 
seems to fairly difficult owing to the fact that the woods of some members of 
Picea are so resembled in many anatomical characteristics, it may be said 
with a considerable degree of certainty that the present fossil is most resem- 
bled, among the Japanese species, with P. jezoensis or P. hondoensis, both of 
which are systematically very close and the latter is sometimes treated as a 
variety of the former. 

The characteristic features of the fossil identified here as Pseudotsuga cfr. 
japonica are more or less abrupt transition from the early- to the latewood, 
the presence of spiral thicknings in the vertical tracheids and ray tracheids, 
the presence of the terminal parenchyma, and 5-6 thick-walled epithelial cells 
surrounding a horizontal canal. A combination of these features, especially 
the number of epithelial cells, strongly suggests a reference of the fossil to 
this genus. Furthermore, generally low uniseriate margins of the fusiform 
rays seems to more resemble with Pseudotsuga japonica than in the case of 
Pseudotsuga taxifolia in which, according to Brown, Panshin & Forsaith, they 
reach sometimes up to 16 cells in height. 'Thus it may be said that this fossil 
represents at least a form closely related to the Japanese species, though 
further rigid comparison is virtually impossible owing to generally poor state 
of preservation of the specimen. 

Lastly, Pinoxylon mabetiense which was reported by the writer from the 
Miocene of Iwate Prefecture is transferred here to Keteleeria. In the posses- 
sion of only of the vertical resin canals in the normal wood, Pinoxylon (incl. 
Protopiceoxylon) shows indeed an identity with Keteleeria as was pointed out 
by Bailey (1933). In most species of Keteleeria, however, there are some dif- 
ferent features which are not found in modern Keteleeria. Moreover, all 
species of Pinoxylon were found from the Mesozoic strata, excepting a doubtful 
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species from the Tertiary, Protopiceoxylon salisburioides Kráüusel, which was 
later transferred to Cedroxylon by the same author. On the other hand, it 
may be said that ail important features of Pinoxylom mabetiense seem to fall 
into the range of structural variability represented by Keteleeria. In these 
connections, choice of the modern genus for this fossil may be far more suit- 
able than placing it in a form genus Pinoxylon. This fossil represents further 
the first sure record of the fossil wood of the genus from the Tertiary strata 
though recently Greguss (1954) reported a doubtful example Keteleeria(?) sp. 
from the Miocene of Hungary. 


B. Woods without resin canals in the normal wood. Important features 
common to the last two fossils are thickened and distinctly pitted horizontal 
walls of ray parenchyma and an absence of vertical and horizontal resin canals 
in the normal wood. The first feature apparently shows that these fossils 
belong to the Abietoideae. It is known among the subfamily, that four genera, 
i.e., Cedrus, Tsuga, Abies and Pseudolarix are characterized by the absence 
of resin canals in the normal wood. They may be further divided into two 
in accordance with occurrence or nonoccurrence of the ray tracheids, that is, 
they occur in the normal woods of Cedrus and Tsuga, while they are normally 
absent in Abies and Pseudolarix. 

'The characteristic features of the first fossil are an absence of ray tra- 
cheids, fairly abundant occurrence of the longitudinal parenchyma provided 
with thickened and pitted horizontal walls and restricted to the outer margin 
of increments, and frequent occurrence of the rays in part biseriate. Absence 
of ray tracheids makes it possible to limit the extent of our consideration to 
the latter two genera, and under the several reasons described below, it is 
referred here to Abies. 

Kanehira (1926) noted that both genera are provided with simple pits 
in the cross fields, while according to Tang (1933, 1936) and Phillips (1941) the 
pits are half-bordered and of taxodioid type. The entire absence of the longi- 
tudinal parenchyma in Pseudolarix was reported by Tang and Kanehira, while 
Phillips showed their occurrence. The writer thinks that this contradiction 
on the longitudinal parenchyma probably owes to the extremely sparse distribu- 
tion of the elements if they are present. Absence or sparse occurrence of the 
terminal parenchyma seems also a feature prevalent in many species of Abies 
(Kanehira 1926; Tang 1933, 1936; Yamabayashi 1938; Brown, Panshin & 
Forsaith 1949; Chiaki 1934, etc.), excepting Abies firma Sieb. et Zucc. in which 
the writer confirms that the elements occur fairly abundantly. Thus on the 
basis of these features, separation of the monotypic genus Pseudolarix from 
many members of Abies seems, indeed, fairly difficult. Phillips, however, 
noted that Pseudolarix is separated from Abies by the presence of rather 
small calcium oxalate crystals which are found closely packed and filling en- 
larged isolated marginal ray cells, usually near the ring boundaries, instead 
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of occurring more or less scattered in normal marginal cells in Abies. He 
further pointed the occurrence of pairs of feebly developed thickenings which 
are associated with the aperture of the latewood tracheid pits. 

The relatively abundant occurrence of the terminal parenchyma in the 
present fossil as well as the nonoccurrence of features mentioned by Phillips 
seem to deny the affinity to Pseudolarix. Thus reference to the genus Abies 
may be most suitable in these connections,, and it comes very close to A. firma 
in abundance of terminal parenchyma. The frequent presence of rays in part 
biseriate, however, seems to unique in this fossil, none of other species hitherto 
known being characterized by such a feature, though Brown, Panshin & 
Forsaith noted that it is rarely found in A. magnifica. Thus the writer pro- 
poses here a new name Abies firmoides. 

In the fossil identified here as Tsuga sp., there exist distinct ray tracheids 
on the upper and lower margins of the rays. This feature apparently indi- 
cates that the fossil is close either to Cedrus or Tsuga. On the distinction of 
these two genera, Phillips noted that the pitting on the cross fields in Tsuga 
is usually of cupressoid type though piciform and taxodioid types may possibly 
occur, while in Cedrus, all of these three types are commonly mixed. He 
further noted that in Cedrus the tori of the bordered pits on the radial walls 
of tracheids are scalloping, while such a feature is not seen in Tsuga. Ac- 
cording to Kanehira, the cross field pits are said to be simple in T. Sieboldii 
and T. diversifolia. 'The writer, however, confirms that they are generally 
cupressoid in these two species. The same type of the pitting in T. canadensis 
is reported by Brown, Panshin & Forsaith. 'The terminal parenchyma is spar- 
sely present in the fossil. But this feature seems to offer no value in differen- 
tiating these genera or species, since all of the known species of both genera 
are quite the same in this respect. Thus it is at least apparent that the pre- 
sent fossil is a member of Tsuga, because of the predominance of cupressoid 
cross field pits and avoid of scalloping tori of the bordered pits on the radial 
walls of the tracheids. Fuather comparisons with the modern species of the 
genus seems virtually impossible owing to their markedly resembled structures. 

The writer wishes to express here his heartfelt thanks to Prof. Yudzuru 
Ogura under whose direction this study was carried out. His thanks are also 
due, for valuable materials received, to Prof. Teiichi Kobayoshi of the Tokyo 
University, Prof. Kazuo Hujioka of the Akita University, Prof. Masami Sato 
of the Ibaragi University, and Mr. Shigemoto Tokunaga and Mr. Toshimasa 
Tanai of the Geological Survey of Japan. The expense spent for this study 
was partly subsidized by the Ministry of Education. 


Botanical Institute, Faculty of Science, 
University of Tokyo 
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Embryogenesis in Phaseolus vulgaris 
By 


Masayuki TAKEUCHI 


With 5 Tables, 8 Figures in the Text and 9 Plates 


Guignard (1881) classified about 40 spp. of Leguminosae into 7 groups by the 
morphological characters of the suspensor. In his report, he pointed out that 
Phaseolus multiflorus has the suspensor which consists of elongated cells and 
whose elements are usually blended indistinguishably to those of embryo. 
While the description of the process of the embryogenesis is written mainly 
about the primary stage. 

Brown (1917) compared her own observation with those of many workers 
(Hegelmaier, Guignard, Strasburger, Saxton etc.). Her work elucidated the 
developmental process of embryo-sac and that of the primary stage of embryo- 
genesis. Since the beginning of this century, many workers have evolved the 
studies of the developmental process of the embryo-sac in many families, genera 
and species (R. Souéges, D. C. Cooper, P. Maheshwari), which are often called 
* Study of embryology." Recently, Johansen (1950) summarised these prior 
studies and arranged them along his own systems of Phanerogams. Mahesh- 
wari (1950) also has treated of the embryogenesis in his text book, from his 
own wider view. 

Until now, the area of the embryology has been restricted mainly to the 
primary stage of the embryogenesis or particularly about the decision of sev- 
eral types of the embryo-sac. But Rau (1951) has suggested exquistly the 
importance to the activity of endosperm in the comparative morphology. In 
this paper, the writer studied morphologically and cytochemically the develop- 
mental process of embryo from its very early, to fully matured stage in seed. 
The first part contains the observation of dynamic process of the embryogenesis, 
and those of the differentiation of the tissue after fertilization, the degeneration 
of some tissues in the later stage and the primary organogenesis in the embryo. 
The second part contains the survey of chemical conditions in the cytoplasm 
which surrounds the young embryo, together with their concentration and 
kind of sugars and amino acids. 


Part I. Morphological observation 


Materials and Methods. 
For the morphological studies, the writer gathered many flowers of Phaseolus 
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vulgaris (masterpiece) for 11 days from the day before flowering, and also on 
the germination test, he used fresh seeds and seedlings. 

The materials were fixed and stained. For the fixation he used Bouin’s 
solution and paraffin method, coloured with Heidenhain’s iron alum haema- 
toxylin, light green and saffranin. Besides with fixing sections, he observed also 
fresh materiais by hand sections. 

Next the embryo and the ovule at the 2nd—5th day are cultured in the 
test tube by the method of tissue culture and he takes the fixed preparation as 
a control. This culture is undertaken with the following medium: 


Table 1. 

(I) Ca(NO3): 4H;O 100 mg H3BO, 0.1 mg 
KNO; 50 ZnS0,°7H:O 0.1 
MgSO,-7H;O 50 MnSO, 0.1 
KH;PO, 20 MoO(NHj  . 0.2 
KCl 20 KI 0.1 
Fes(SO4) 9 Vitamin B, D 


per redistilled water 1000 cc. 
sucrose 20g, pH 6.0 
autoclaved at 15 lb. pressure for 20 min. 

As the medium, he used also 100 cc of (I) solution plus 0.5 g of agar in the 
hanging method by aid of moist chamber or hole slide glass. 

For the dissections, the young pods were collected and sterilized in 10-15 
min. with 0.15 2 solution of the uspulum. Then the early embryo was excised 
from the ovule with an iris-knife under the binocular microscope in the sterilized 
room, and the materials were placed on the medium which was prepared in 
the test tubes. The experiment were continued under the temperature at 
20-25*C. 

Also one of the materials was mounted in the thin agar plate which was 
stretched on the cover glasses after the following procedure in which an ovule 
was cut off into two parts with the edge of safty-razor. The one of them was 
larger thanthe other as it contained the whole proembryo. The cut face of the 
larger half was placed in contact with the coverglass. Throughout these opera- 
tions he took care thoroughly to preserve watery cytoplasm. Next, the cover-glass 
was inverted over the hole slide and fixed firmly, and this preparation was 
placed in the moist chamber or the Petri dish, so it constitutes double moist 
chamber. Then he continued the observation under lower magnifications through 
the cover glass. 


Observation. 

1. Megasporangium (ovule). For the observation of the ovular constituents, 
it is convenient to collect them within a few days before or after flowering 
day, because these constituents either develop or degenerate to be inadequate 
to examine at some later stages and yet, at slightly younger stage, none of 
them developes sufficiently. The type of ovule is so-called * campylotropous "' 


Journ. Fac. Sci. Univ. Tokyo, III, vol. 6 (10) 1956 441 


by former workers. The writer also agreed with former's observations. But 
the meaning of this technical term is somewhat inappropriate, because the 
definition of this term includes two different types; the one of them has a 
funiculus with more or less straight axis, 
while the other has that twisted at right angle 
to its original orientation. This confusion 
seems to occur by the identification of the two 
structures derived from the superficial similar 
appearance of ovule. The integuments are 
distinguished into two constituents, exostome 
or outer integument, and endostome or inner 
one. (Fig. 1, Pl. I-1). The outer integument is 
longer and thicker than the inner one parti- 


cularly in the region surrounding the micropyle. Pup © Nedian dongitedinaleeeceon 
It takes diverse modification in a process of ovule (just the day flower 
of development and is destined to the seed opened). x200. es. embryo-sac, ii. 
coat. The inner integument almost consists et integument, mp. micropyle, 
n. nucellus, oi. outer integument. 
of two cell layers, but has some more layers 


at the micropylar end. 

In the next day of the just flowering the inner layer of the inner integument 
is very conspicuous with its extremely narrowed and transversely stretched 
cells (as also showed by Rau). The cells of inner integument developes into 
integumentary tapetum, then gradually disorganizes (after 3 days), and in the 
later stage (at least after a week) they are destroyed and disappear (Pl. II, III). 

The vascular bundle consists of two strands in an ovule as seen in the 


Fig. 2. Cross section of Fig. 3. Median longitudinal section of ovule (7- 
ovule (just the day flower th day) showing development and degeneration 
opened). x200. ii. inner of each tissues. 1. greenish tissue which con- 
integument, n. nucellus, sists of small cells, 2. colourless tissue, co. 
Oi. outer integument, v. cavity of endosperm, n. nucellus, ee. early 


vascular bundle. embryo, v. vascular bundle. 
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cross sections, which reaches through the funiculus to chalaza (Figs. 2, 3. Pl. 
I-2, 3). 

The outline of an ovule not only elongates and transforms itself on the 
process of growth, but its cavity also transforms and becomes to fill up with 
watery cytoplasm which is importanténutrients for the embryo. Some of inner 
cell layers of the outer integuments connect compactly with their small cells, 
while on the contrary the cells of intermediate region between the outer 
epidermis and the inner layers are larger than the above-mentioned cells, and 
rather parenchymatous. This parenchyma increases partially in mass (Fig. 
4-x, Pl. III-X). 


Fig. 4. Median longitudinal Fig. 5. Left: median longitudinal section of radicle 
section of early young embryo. and suspensor. Right: the section through the 
x200. ct. primary cotyledon, line A-B showing degenerating suspensor. X200. 
e. endosperm, ii. inner inte- e. endosperm, em. embryo, oi. outer integument, 
gument, s. suspensor, x. in- pc. procambium, s. suspensor. 


creased tissue. 


As the result the cavity becomes narrow at the micropylar side, and decides 
the outline of the suspensor, the direction of the embyogenesis and the angle 
between cotyledon and radicle. 'The suspensor is wraped with the outer 
integument by the result of this behaviour after three or four weeks (Fig. 5, 
Pl. III-3, 4). 

2. Nucellus. Each nucellar cells elongate to radial direction and those 
wider membranes arrange in the radial plane (Fig. 2, Pl. I-4). These cells have 
a large vacuole and their tissue has a few cytoplasmic cells at flowering stage. 
As soon as the embryo-sac matured, the nucellus bigins disorganization and is 
digested gradually from the micropylar center. At the first day of the flowering 
the nucellus reduces already to 1/3 of the whole length of the ovular cavity 
(Fig. 1, PI. I-1). 

After 5 days the nucellus is almost digested and it becomes a small 
mass at the chalazal end, which shows the irregular outline of conical form. 
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The funicular side is digested more rapidly than the opposite (Fig. 3-n, Pl. 
VIII-1, 2-n). In the ovule at this stage, the vascular bundle joins the remained 
nucellus at the chalazal end. The nucellus is not seen remarkably when the 
last stage of the embryogenesis. 

3. Development of the endosperm. Just at the flowering day, the embryo- 
sac penetrates into the central part of the nucellar tissue as seen in Fig. 1, 
Pl. I-1. In Phaseolus, as same as the other angiosperms, the endosperm has 
a new constitution which is formed by the fusion of two polar nuclei and one 
of the male gametes. In these materials, the formation of the endosperm was 
classified in the Nuclear type by Maheshwari (1950). 

And the author supports the observation by Brown (1917) in the form and 
course of endosperm-formation, in which primary division of its endosperm 
nucleus occurs a short time before division of zygote. Two nuclei of the endosp- 
erm as a result of the first division are arranged at periphery of embryo-sac, 
then transfer toward the both side of proembryo, following with repeated 
nuclear divisions. But she neither observed the behaviour after this stage and 
nor pointed out the wall formation. 

Embryo-sac just changes its situation to that of the elongated endosperm 
tissue. The outline of endosperm grows till to attach directly with the inside 
wall of the inner integument, by the disappearing of nucellar tissue. 

After two weeks the endosperm reaches to chalazal end and grows back 
to opposite side. The elongated endosperm is wrinkled by the succeeded 
elongation (Fig. 3, Pl. VIII-e). 

More later stage, when two cotyledons grow in the cavity of the outer 
integuments, the endosperm tissue is found between two cotyledons and also 
between inner walls of the outer integument and the cotyledons (Fig. 7-e, Pl. 
VII-e). 

In the cross section of the ovule of 15th day, the endosperm tissue dev- 
elops into band-form (Pl. VI-3, 4, VII-e). The endosperm surrounds two 
cotyledons, and is considered under the cytological view point as follows: in 
the early stage the tissue has many nuclei without any cell membrane, but in 
the later stage (10th day) it forms restrictly cell membranes in the small part 
of micropylar side, where the cells contain dense cytoplasm, sufficient enough 
to nuclear divisions which may be observed until later stage of 25 th day. 

The bulk of endosperm remains in primary nuclear state and becomes, by 
the gradual enlargement in volume of vacuol, mantle-like wall which continues 
to wrap up cotyledons and lines the inner wall of the cavity made up by 
integument. 

As showed in Table 2, the nucleus is ellipsoid of 125 x 9x in width, the 
nucleolus of 3 4 in diameter, and in the later stage they become 17 » x 10” and 
6 (at 5th day), 304 x 11 x and 4.54 (at 10-15 days) respectively. 

This table suggests that the size of nucleus increases gradually for 15 days, 
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particulaly in long axis, and its shape becomes to spindle-form from the 
The nucleolus or nucleoli per nucleus are not constant ranging from 


globular. 


zero to five. 


restricted only in length changing into thin layer. 


The endosperm increases in volume for 15 days, but after then, is 


Table 2. 
Days elapsed after 
pec flowering 1 5 10-15 
size form size form size form 
nucleus 12x9p ellipsoid 17x10 |spindleform| 3011p |spindleform 
nucleoli 3p globular 6p globular 4.5p globular 


4. Suspensor and embryo. 


At first, the large vacuoles are present in the 


outer part of the zygote and gradually disappear. The first cell division arises 
with a transversal dividing plane, and the second and the third ones take place 
similarly in the each cells. Then the zygote gives rise a filiform of 4-celled 
proembryo. Further by two more divisions, with two longitudinal dividing 
planes, which cross each other at right angles these establish 16-celled stage 
of proembryo, which has four column of cells in 4-stairs. By the continuous 
cell divisions in the innermost cells, the proembryo gradually elongates into 
the cellular endosperm till to begin periclinal division at the innermost cell. 
The writer agrees with Brown in the observations of the growing process of 
The cells of early embryo and of the suspensor are 
stained discriminately in different colour by several dyes. Moreover, the latters 
are longer than the former, so that the boundary of embryo and suspensor 
are easily recognizable in this stage but soon later it becomes gradually obscure. 
The suspensor develops in columnar, and consists of several stairs of 4 cells. 
It pushes the globular early embryo into the endosperm from the narrow space 
of the micropylar side toward the chalazal end (Fig. 3, Pl. III). The suspensor 
cells are swelled till the stage when their 32 cells can be accounted in longi- 
tudinal section, and are able to distinguish considerably from the embryo cells. 
At the 7th day, the suspensor becomes thready by the strong development of 
the integument, but become large vesicular cell at their distal ends. Hereafter, 
by the strong growth of radicle, suspensor cells receive the pressure toward 
the micropyle remaining as a brick-like small mass (Fig. 5, Pl. V). Until 20 th 
day or more later, these remained cells exist in a small cavity between in- 
creased micropylar margin of outer integument (Fig. 5, 6, Pl. V). 

At the 7th day the early embryo, already developed massively into globose 
body, resembles somewhat a prothalium of fern. 

At the 10th day, the elementary primordia of cotyledons arise on the two 


opposite parts of the globose early embryo. Each primordia develops in parallel, 


proembryo from zygote. 
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but the velocity of the development is slightly 
different. 

'The development of cotyledon extends in the 
orientation of short axis of the ovule at first, and 
then is succeded by the elongation in long axis. 
'Their outline may be decided by the form of cavity 
in the ovule. If nutrients, water and light are 
supplied sufficiently to the plant, the cotyledons 
can elongate successively to the chalazal end and 
at last break out the integuments. The reserved 
starch appears in the cotyledon when its outline 
is formed. The cambial tissue in the cotyledons 
is distinguished at the later stage when the 


cotyledons reaches the chalazal end. 

The organization of the radicle initiates at 
the same time as in the cotyledon at 10th day. 
A few days after the above mentioned stage, we 
can recognize the differentiation of the procambial 
cells, elongated and vacuolized, accompanied with 
the enlargement of nucleus, these conditions rema- 
ining through the period of the dormancy. 


Median 


Fig. 6. 


section of 


longitudinal 
young embryo 


showing degenerated tissue 
organ and 


cotyledon, 


and developing 
262006: 
procumbium of cotyledon, e. 


tissue. 
endosperm, fl. first leaf, pc. 
procambium, s. suspensor, 


sa. shoot apex. 


The primordia of first leaves appear on the apex of the hypocotyl about 
20th day as if an algal tissue (Fig. 6, 7, Pl. IV-2, 3, 4, IX-1). These elementary 


primordia is situated in the alternation to cotyledonary orientation. 


Fig. 7. Cross section 
of young seed show- 
ing cotyledons, first 


leaves and shoot 
apex. S50: e 
cotyledon, e. endo- 
sperm, fl. first leaf, 


sa. shoot apex, v. 


vascular bundle. 


They 
grew up in the obvolute aestivation on the dome of stem 
tip (Pl. IX-2). The cell layers of the mesophyll of the 
first leaves are consist of 4 and do not vary further 
till to the time of dormancy. 

The cells of leaf nerves vacuolize but undergo not 
differentiation of vascular strands. The hairs differen- 
tiate on the epidermis of the first leaves independently 
from the influences of the light and humidity at the 3rd 
day after germination, but differentiation of mesophyll 
is highly influenced to negative with the high humidity 
or the dark condition. 
arise as dome-shape, which consist of many meristematic 


The primordia of the shoot apex 


cells, and persist its condition into the stage of dormacy. 
It cannot find the vascular strand still this time, so that 
the meristematic period seems to continue for a long 
time. The radicle appears to the early embryo in the 
upper side of the suspensor, and the time of this ap- 


pearance corresponds to the cotyledon-formation. Then 
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Table 
Days elapsed ere m Ist day eters 2nd day Mentem ences an eter 6th day M MMMTMTttMeeMer 
after flowering 
inner- —two layers-—tapetum-like, in--————————— 
integument creases partially 


in microphylar side 


ovular OUter--------------- multilayers VU eI elongates and.— 9 
elements | integument increases in thick- 

ness partially 

(Figs. 9, 10) 


nucellus ---------degenerates--------------------------------------------===------------ remained as---------------=--------------—- 
from central hypostase 
part to below 
chalazal end 


^synergids—-elongate and dissolve------------------------- prete occupies embryo-sac------------------ 
nucleus disappears | position 
embryo- -.penetrates ~—-, 
sac wall into nucellus: 
embryo- : | 
sae polares: first nuclear------endosperm..----------------------- | elongates dense e 
elements nucleus division / cytoplasm, 195p. 
/^ in length 
suspensor globular fon = 
i enlarges os proembryo ; 150p in  / (outer layer 4-6 
zygote E d "hvicns Co cells) < length — / cells, inner layer 
UC 66y in length / 3 cells) 150% in 
embryo“ length 
(differentiates 7 
dermatoscn) 9} 
60x in length 
Stage ! mi Fog (f 


i l 
Zygote Proembryo Early embryo 


the radicle grows and pushes out the suspensor cells (Figs. 5, 6, Pl. V-1, 2). 

A part of the cavity becomes gradually narrow on account of the pressure 
of the growing cotyledons near the micropylar end, and its transformation 
induces compressed conical form in the apex of mature root, which inserts to 
seed coat. But in the radicle the procambial tissue still does not form the 
stele of tetrarch type, and it cannot be called the root in the critical meaning. 
The tip of the radicle is covered with an epidermis layer which remains till 
the seedling stage (Pl. V-1). Hypocotyl develops between the radicle and the 
cotyledons. 'The hypocotyl procambia are rather narrow both in the upper, 
and the lower part (Fig. 6-pc, Pl. IV—2, 3, 4). 

5. Young embryo culture. With the cultivation of the floating method the 
writer could observe the differentiation of the cotyledons from the excised 
early embryo. The cultured early embryo increases massively to become globose 
body in a week, and then produces two primordia of the cotyledons, These 
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SlOtbedaysss e NGI Coben cece dc AD MOY Cokin fee een ete peo ee Ath day eee = 
— —- disorganizes ....... dissolves an ea 
os inner layers -— reserve starches deposit. - — seed coat 
dissolve | 
WES —hypostase like 
S=mMultimucleate;- + enlarges i44 rm. mee iE Lis cca E A disorganizes 
partially cell- 
wall formation 
degenerates crushes 
remains in outer 
integument 
growth and elongation ir good condition 
-cotyledons---.-..—..--——— orp Stes terc nee yet reserve materials remove... more elongate to 
from outer integument break integument 
and the other organs 
t = -hypocotyl-— —elongates E differentiates 
Bs procambium 
` leaf primordia ... ES EAVES 
radicle ert- elongatesr e e e eR differentiates 
procambium 
te L3 
] 5 l mO i a 
Young embryo Immature embryo Mature embryo 


primordia grow up to cotyledons in the following 10 days (Pl. IX-3, 4). But 
he cannot find neither first leaves nor the radicle. Perhaps this will be due to 
that the used media may be not complete compared with the natural consti- 
tuents, although this media are convenient in mature embryo or root cultures. 
In the other hand, the hanging method is also not convenient, being difficult 
to exchange the media. 

In the study of the organogenesis in early stage of embryo it is suggested 
that both constitutions and conditions of culture media must be prepared just 
to coincide with the embryo-sac cytoplasm and some important factors should 
be added in micro-techniques. 

6. Growth and differentiation. The morphological observations were de- 
scribed hitherto by the writer, and these are summarized in Table 3. As 
showing in this table, the degeneration and the differentiation arise in the 
early stage. Inner integument, nucellus and synergids degenerate as soon as 
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polination takes place. Outer integument gives rise to seed coat through two 
stages of elongation and of temporal deposition of starch. . These behaviour 
may not be called the differentiation in the critical sense of morphogenesis. 
The polar nucleus develops to the multinuclear endosperm after many times 
of nuclear divisions. Then the latter occupies the embryo-sac position, and 
enlarges, but disorganizes at last. The suspensor also undergoes nearly the 
same course. These two are one of the differentiation which is controlled by 
some limiting factors for the successive growth. The proembryo differentiates 
into two parts, suspensor and embryo, in about 3rd day. The cotyledons arise 
on the globular embryo in about 10th day. The radicle arises almost at the 
same time. The hypocotyl is recognized in later stage than the former two. 
For the study of differentiation we must have some standard measures as a 
scale to measure several living materials. The table 3 presents one of them, 
which at the same time, is principal part of this paper. Also, during the 
developmental process he has measured the weight of the fresh and the dry 
conditions at day by day as showing in Table 4. 


Table 4. 
Days elapsed after flowering 
Uf 9 10 13 15 18 25 50 
mm 3 4 5 6 9 12 19 3l 18 matured seed 


Fresh weight 

mg 4.5 Qro. — 99S RD OT ORE 2RA 229970 AIS) GOR RIS" 
Dry weight 

mg 0.3 O58 BE Bell 14.4 38.1 61.5 Nek WEA — 3E 


The length and the weight of the daily developing ovules. 
Average deviation: 1.5% of the average fresh weight, 1.2% of the average dry weight. 


The table represents the mean values of 30 materials with the weight and 
the length in long axis of the growing ovules. 

We may recognize the tendency of the growth and of the differentiation 
on the developing ovule and embryo from the Tables 3 and 4. The writer 
schematizes these two tables in Fig. 8. This figure shows one of true measures 
for the living materials. The growing course can be divided into 5 different 
periods; the differentiation (D, the development (ID, the elongation (III), the 
elongation and deposition (IV), and after ripening (V). In the differentiation 
period the weight increases in neither the dry condition nor the fresh, but the 
embryo differentiates from zygote in a brief time (Table 3). In both of the 
development and the elongation periods the weight increases in fresh, but not 
distinct in dry, and those increasing velocity in weight is more rapid in the 
latter. In the elongation and the deposition period the weight increases 
rapidly both in dry and fresh. The after-ripening period is characteristic in 
the decreasing the fresh weight and the length of the long axis of the ovule, 
but the dry weight still increases successively. 
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The variation of those tendency suggests the turning of the physiological 
patterns in the developing ovule. 


Pa:t Il. Some chemical characters in the embryo-sac cytoplasm 


Former workers reported many analytical studies on the amino acides in 
the different parts of seedlings. They used usual fraction methods or column 
chromatography. Recently, a few workers detected some amino acids in a 
very small part of various materials by the paper chromatography. 


V 
pisc 
Ñ 


3 7456 9 1213 15 18 mm 


Fig. 8. 'The three dimensional graph showing the average daily 
increment of ovule in weight and length, 30 ovules in each 
investigation. (I) Period of differentiation, (II) Period of dev- 
elopment, (III) Period of elongation, (IV) Period of elongation 
and deposition, (V) Period of after ripening. 


In this paper, the writer presents the results of an analytical survey with 
the amino acids and sugars in embryo-sac and endosperm. 

After fertilization, embryo-sac enlarges rapidly transforming to endosperm 
as described in the Part 1. 

The endosperm includes a large vacuole filled up with so-called watery 
cytoplasm. The proembryo following with the young embryo suspends and 
grows in this cytoplasm. If we wish to know the mechanism of the dif- 
ferentiation at the early stage of embryogeny, we must secure all the 
characters of this cytoplasm. 
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The writer considers that the cytoplasm includes various important nutrients, 
as the amino acids on free state, several sorts of sugar, and the growth sub- 
stances, etc. The volumes of the cytoplasm, are too small to separate by 
usual fraction methods, so that the method of the paper chromatography is 


convenient in this case. 
Amino acids. The materials were cultured in the field from summer to 


autumn, 1954. 

The capsules were collected within 5 to 10 days after flowering. At 
this stage the ovule is rather large (2.5-5 mm), the embryo is not so large 
(0.35-1mm). The capsule is incised in the one side of the carpel with lancet, 
and then the ovules are exposed intactly. The chalazal end of the ovule is 
cut out with iris knife. And at once a glass capillary is inserted through the 
opening of the cut end into the cavity of the ovule. The cytoplasm filing in 
the cavity, springs out into the capillary. The insertion repeates three times 
and the sap may be gathered up ca. 0.002cc. This material is used immediatly 
for two dimensional paper chromatography. 

Phenol saturated with water is used as solvent of the first dimension, and 
as the second dimension a mixture of butanol, acetic acid, and water (4: 1: 2) 
is used. Paper chromatogram is prepared with Whatman No. 1 and Toyo 
Roshi No. 50 (made in japan) of each sizes of 30x30cm. The material is 
placed on the original point of separate paper. After development in pheno! 
the papers are oven dried and then developed a mixture of butanol, acetic 
acid, and water. The papers are then air-dried and sprayed with 0.1% 
ninhydrin in butanol saturated with water. The amino acids are determined 
by the visual method of comparison with chromatograms prepared from known 
amounts of pure amino acids. 

Hypocotyl also is investigated to compare. The seeds are cultured on the 
quartziferous sand for 5 or 7 days in a dark room at 25°C. Then the crushed 
hypocotyls are pressed and filtrated. The filtrater is hydrolyzated with 5% hydro- 
chloric acid, and treated materials is neutralized. Also as a control the ovules 
are extracted with 80 % of ethanol. The materials from the hypocotyls and 
the ovules are evaporated in vacuo, and placed on separate paper with similar 
method. 

Results and discussion. 12 ninhydrin reacting substances are distinguished 
from the cytoplasm as follows: glycine, alanine, f-alanine, serine, threonine, 
arginine, aspartic acid, glutamic acid, asparagine, glutamine and two undeter- 
mined substances, while in the extracts of the young hypocotyl and the ovule, 
leucine and iso-leucine are also recognized besides the above contains. 

One of the undetermined substance is rather small in quantity and shows 
yellow spot. The Rf-value is 0.52 in the phenol-water and 0.0 in the butanol- 
acetic acid-water. But this substance disappears after deposited out the 
proteins and the peptides with 10 % lead acetat. 
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So he thinks that the substance will be a sort of peptid. 

'The other undetermined substance is remarkable with the colour of fresh 
purple and with a large volume. Rf-value is 0.82 in the phenol-water and 0.62 
in the butanol-acetic acid-water. Alanine, f-alanine and glutamine show com- 
paratibly large spots. 

As the writer expects, the watery cytoplasm in the embryo-sac contains 
many sorts of free amino-acids. The purple undetermined substance is very 
characteristic in that it appears limitedly in the embryo-sac and in the young 
hypocotyl, but can not be detectable in old hypocotyl and leaves. It is sug- 
gested that this amino acid is one of unknown substance, which seems to 
induce the differentiation or development of young tissues or of young organs. 

He will try in next investigation to add these determined amino acids into 
the media of the proembryo culture. 

Sugars. He used the similar method of the paper chromatography for 
the amino acids, exept to use the dye. The papers were sprayed with Hor- 
rock’s reageant or its modification as follows: 


Table 5. 
Horrock’s solution modification 
Benzidine 0.5g 0.5g 
Acetic acid 20 cc 10 cc 
Absolute alcohol 80 cc 80 ce 
'Trichlor acetic acid —— 10 ce (40% aq. sol.) 


He used as a control the solution of pure sugars. He finds and determines 
glucose, sucrose and fructose in the cytoplasm. And the concentration is con- 
firmed approximately as follows: 


(GluGOSCB e mM ete etd e eter decre ee eee decet tB ca. 0.826 
Sucrose Mee E eto dan ae E etas sr ET ca. 0.726 
IEuGtOSe e cee ae ne rare ettet ese reet Eno sepe dee ca. 0.65% 


The sort and the concentration of the sugars are important respecting to 
nutrients and the osmotic pressure. 

pH-value. The pH-value of the ovular cytoplasm is approximately 6.3, 
which is decided with the methyl red and bromthymol blue with colouring method 
in capillary. The correct value is being determined by Mr. K. Sóma of the 
Botanical Institute, University of Tokyo. 


Summary 


1. The term of the campylotropous ovule includes two types; the one has 
a funiculus with more or less straight axis, while the other has that twisted 
at right angle to its original orientation. 

2. The form and the growth of the cotyledons seem to be controlled by 
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the growth of outer integument and the surrounding conditions. 

3. The differentiation and the growth are mesured and discussed on the 
morphogenetical view point. In the growing course from ovule to seed forma- 
tion, there can be distinguished 5 different periods successively. 

4. The cytoplasm of embryo-sac has 12 ninhydrin reacting substances, one 
of which may be an unknown amino acid. 

5. Sort and concentration of the sugars are decided in the embryo-sac 
cytoplasm. 

The writer has continued the cytochemical survey and the embryo culture 
at the early stage. 

Here the writer to express his cordial thanks to Prof. F. Maekawa of the 
Botanical Institute, for his kind guidance and encouragement given during 
the course of this study. His gratefulness is also due to Prof. S. Hattori of 
the Botanical Institute, who kindly suggested him some effective methods in 
chemical survey. 


Botanical Institute, Faculty of Science, 
University of Tokyo. 
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ules at the flowering day. 1. Median longitudinal sec- 
tion of ovule showing zygote, central nucleus and relation of inner integument to outer 
one. X150. 2. Structure of pod as seen in the cross section that includes a ovule. x20. 
3. A part of fig. 2, showing funiculus and vascular bundle. x200. 4. A part of fig. 2, 
showing the constituents of ovule, inner integument and the arrangement of nucellar cells. 
x200. 5. Cross section of pod without ovule. X50. 6. Median longitudinal section of 
embryo-sac at the first day after flower opened. X720. c. polar nucleus, n. nucellar cell, 


v. vascular bundle, z. zygote. 
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Pl Hi. Developmental process of early embryo and cellular endosperms as showing 
in median longitudinal sections. x200. s. suspensor, x. increased tissue. 
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Pl V. Several faces of degenerating suspensor. x300. 1. Developing radicle and 
retrogressed suspensor. 2. Suspensor, represented in two different section ; the one brick- 
like mass, crushed under the pressure of radicle; the other made up of larger cells, em- 
bedded in small area between two sides of the outer integument. This photograph 
corresponds to text-fig. 12. 
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Pl Vil. Cross section of ovule. 1. Outline of ovule. x50. 2. Tapetum tissues of 
funiculus and reserve materials in the outer integument. x300. 3. Each part of two coty- 
ledons and endosperm showing multinuclear or cellular stages. Cotyledons have no vascular 
systems as yet. X200. 4. Disorganized cellular endosperm, multinuclear endosperm, coty- 
ledon and outer integument. X300. c. cotyledon, e. endosperm, oi. outer integument, 


t. tapetum. 
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Pl. IX. Young embryo. 1. Cross section of young embryo showing meristematic 
shoot apex in the central part, 2 first leaves in each opposite side and 2 opposite cotyle- 
dons. x200. 2. Many reserve materials and 2 first leaves. x300. 3,4. Young embryo 


for a week after embryo culture. x20. 
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